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PART Ir. 

General and Physical Chemistry. 

The Molecular Refraction Coefficient, its Additivity 
Character and its Use for Determining Constitution. 11. 
The Calculation of Refractive Indices of Aromatic Hydro- 
carbons. FRITZ EISENLOHR (Ber., 1920, 53, [B],  2053-2063).- 
In a previous paper (A., 1920, ii, 717) i t  was pointed out that  the 
“ molecular coefficient of refraction,” iM x n:’, is more sensitive to 
constitutive changes in the molecule than the generally employed 
“ molecular refraction .” A study of the aromatic hydrocarbons 
of the benzene series shows that the value of the coefficient depends 
on the relative positions of the substituting alkyl groups in the 
ring, The observed values exceed those calculated from the atomic 
values of the constituent atoms, after allowance has been made 
for ring formation, by an amount which is termed the E value. 
When the E values associated with a limited number of groupings 
are known, for example, two methyl groups in ortho-, meta-, or 
para-positions, three methyl groups in 1 : 2 : 4-positions, etc., it 
becomes possible to calculate the E value, and consequently the 
molecular coefficient of refraction and refractive index, of any 
hydrocarbon of the series. A number of typical examples of such 
calculations are given. E. H. R. 

The Dispersion of the Refraction of Hydrocarbons. 
E. DARMOIS (Compt. rend.,  1920, 171, 952-955).-The specific 
dispersion of a substance is defined as being the ratio h / d ,  where 
VOL. oxx. 6 .  1 
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ii. 2 ABSTRACTS O F  CHEMICAL PAPERS. 

A n  is the difference in the refractive indices for H, and Hy, and 
d is the density a t  the same temperature. The value of this ratio 
is apparently constant within one or two units for each type of 
hydrocarbon, and thus serves to distinguish between saturated, 
unsaturated, and benzenoid hydrocarbons. The value of An/d in 
the case of unsaturated hydrocarbons increases with the number 
of ethenoid linkings in the molecule. 

Effect of Concentration on the Spectra of Luminous 
Gases. T. R. MERTON (Proc. Roy. SOC., 1920, [ A ] ,  98, 255-260). 
-There are many cases in which the relative intensities of the 
lines in a mixture of two gases are altered by the inclusion of a 
condenser and spark-gap in the electrical circuit. The phenomena 
have been attributed to changes in the electrical conditions, but 
experiments described indicate that the ultimate cause may be an 
alteration of the relative proportions of the two gases in the 
capillary of the discharge tube. 

The broadening and enhancement of certain lines in the case of 
sodium and lithium when one element is added to the other have 
been referred to temporary association of atoms of the two 
elements, but experiments with these elements seem to exclude this 
explanation. J. R. P. 

W. G .  

Excitation of the Spectrum of Helium. K. T. COMPTON 
and E. G.  LILLY (Astrophtys. J . ,  1920, 52, 1--7).-A discussion 
of the minimal voltage required for the excitation of the different 
components of the helium spectrum. Radiation is excited by a 
stream of electrons emitted by an incandescent tungsten wire, and 
drawn through the gas to a nickel disk anode by a field which 
can be varied between 0 and 120 volts. Observing proper precau- 
tions, it was possible to obtain a brilliant helium spectrum free 
from all impurities, including hydrogen, neon, and the vapours of 
mercury and water. The band spectrum, very intense under these 
conditions, is thus conclusively shown to belong to helium. The 
band spectrum and the singlet and doublet series appear simul- 
taneously a t  25.5 volts with low pressures and a t  voltages as low 
as 20 with higher pressures and current densities, pressures up t o  
24 mm. being used. The corresponding voltages for  the enhanced 
line a t  ~ 4 6 8 6  A. are 80 and 55 volts. These results indicate that 
the minimal voltages for the excitation of the normal helium atom 
by a single electronic impact are 25.5 and 80 volts, but when 
multiple impacts assist, the corresponding voltages may drop to 
20 and 55, but no lower. The last value agrees with that pre- 
dicted by the Bohr theory for the energy necegsary to displace the 
second electron from a singly ionised helium atom. The fact that 
after striking the arc it can be maintained on as little as 8 volts 
by using high currents indicates that  in an intense discharge a 
large proportion of the atoms is in an abnormal state, and there- 
fore requires less energy for excitation. The relative intensities 
of the different components of the spectrum change with varying 
conditions. As the voltage is increased, the sharp, subordinate 
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GENERAL AND PHYSICAL CHEMISTRY. ii. 3 

series becomes relatively weaker. As the pressure is iiicreasecl, &he 
band spectrum becomes stronger and the enhanced line weaker. 
The former is stronger near the cathode, the latter near the anode. 
The addition of a trace of neon caused the neon lines ~ ~ 5 3 3 1  A. 
and 5431 A. t o  appear with remarkable intensity. 

CHEMICAL ABSTRACTS. 

A Band Spectrum from Mercury,Vapour. C. D. CHILD 
(Science, 1920, 52, 248-249) .-A continuous spectrum is produced 
by mercury vapour which is condensing by means of a low-voltage 
discharge obtained from a transformer of a Winishurst machine. 
The spectrum is independent of the purity of the mercury or of 
the material of the electrode or glass. The glow lasts about 
0.001 second, and the radiators do not bear charges. 

CHEMICAL ABSTRACTS. 

Spark Spectra of Mercury, Copper, Zinc, and Thallium 
in the Extreme Ultra-violet. LPON BLOCH and E U G ~ N E  BLOCH 
(Compt.  rend., 1920, 171, 909--912).-The spark spectrum of 
mercury between ~ 1 6 5 0  and 1400 is given, and thirty-six new 
lines are reported. The spectrum for copper is given between 
~ = 1 7 9 0  and 1543, and seventeen new lines are recorded. The 
spectrum of copper is terminated by a characteristic group of four 
lines a t  A = 1552.3, 1550.2, 1548.0, and 1543.0. The spark spectrum 
of zinc between ~ = 1 8 5 0  and 1445 shows twelve new lines. The 
spark spectrum of thallium between A = 1840 and 1477 is given, and 
contains thirteen new lines. W. G .  

Extension of the Ultra-violet Spectrum. R. A. MILLIKAN 
( A  strophys. J., 1920, 52, 47-64) .-The extreme ultra-violet spec- 
trum has been extended to ~ 2 0 2  A. The source was a high- 
potential spark, discharged in high vacuum. The vacuum was 
maintained a t  less than 10-4 mm. by means of a mercury diffusion 
pump, operated continuously. The current was furnished by the 
discharge of Leyden jars a t  a potential of several thousand volts. 
In such high vacua it was necessary to keep the electrodes a t  a 
distance of 0.2 mm. or less, in order to spark between metals, 
though carbon electrodes could be separated by 1 or 2 mm. The 
spectra were photographed by means of a concave grating of 83 cm. 
focal length. The grating was ruled with the exacting require- 
ments of this investigation in view. The spectra of carbon, zinc, 
iron, silver, and nickel have been extended to ~ ~ 3 6 0 . 5 ,  317-3, 
271.6, 260, and 202, respectively. Excellent illustrations of the 
extreme ultra-violet vacuum spark spectra of carbon, zinc, iron, and 
nickel are shown. Evidence is presented for believing that the 
whole spectrum which the carbon atom is able to emit, up to and 
including its X-radiations of the so-called L-series, has now been 
obtained. Various formulae for predicting the position of this 
series are discussed. Previously, no lines of the L-series of any 
element with an atomic number less than 30 had been identified. 
The conclusion is drawn that high-potential vacuum sparks are 

1-2 
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ii. 4 ABSTRACTS O F  CHEMICAL PAPERS. 

sources of X-rays; in fact, X-rays were observed in these sparks by 
the usual means. CHEMICAL ABSTRACTS. 

Wave-lengths longer than 5500 A. in the Arc Spectra of 
Seven Elements. C. C. RIESS and W. F. MEcGERs (BUY. 
Stan?dards, Bicll., 1920, 16, 51-73; Sci. Paper 272).-The con- 
cave grating spectrograph of the Bureau of Standards was used 
in photographing the yellow, red, and infra-red arc spectra of 
titanium, vanadium, chromium, manganese, molybdenum, tungsten, 
and uranium. The photographs were made on plates sensitised to 
the red and infra-red rays with pinacyanol and dicyanin. The 
wave-lengths of about 200 lines in the arc spectrum of titanium 
were measured between the limits 5500 A. and 9743 A., 250 lines 
to 9522 A. in vanadium, 130 lines to 9734 A. in chromium, 193 
lines to 9576 A. in manganese, 545 lines to 9721 A. in molyb- 
denum, 478 lines t o  9159 A. in tungsten, and 680 lines to 9530 A. 
in uranium. Many of the measurements represent wave-lengths 
of heads of bands which are especially prominent in the spectra of 
titanium, vanadium, and chromium. Impurity lines were 
eliminated from the tables so far  as known, those not identified 
being brought together in a separate table. Lines the wave-lengths 
of which agree with those in the series spectrum of oxygen were 
repeatedly observed in the spectra of arcs in air. Frequency 
differences which are suspected of being constant were found in 
each of the spectra. 

Elements in the Sun. (Paper B.) MEGH NAD SAHA (PhiZ. 
Mag.,  1920, [vi], 40, 808-824).-No evidence of the existence of 
the following elements in the sun has been obtained: rubidium, 
cEsium, nitrogen, phosphorus, boron, antimony, bismuth, arsenic, 
oulphur, selenium, thallium, praseodymium. Doubtful indica- 
tions of the following have been obtained: radium, elements of the 
inert group, except helium, osmium, iridium, platinum, ruthenium, 
tantalum, thorium, tungsten, uranium. The following are repre- 
sented by faint lines in  the Fraunhofer spectrum: potassium, 
copper, silver, cadmium, zinc, tin, lead, and germanium. Chlorine, 
bromine, iodine, fluorine, and tellurium have not been investigated. 

It is usually assumed that elements of which no indications are 
found in the Fraunhofer or flash spectra are totally absent from 
the sun. The view is urged, however, that the varying records of 
different elements in the Fraunhofer spectrum may be regarded as 
arising from the varying response of these elements to the stimulus 
arising in the sun. This stimulus is the same for all elements, 
namely, a temperature of 7500O abs., but, owing to differences in 
internal structure, elements will respond in different degrees to 
this stimulus. This theory is examined from the point of view of 
the ionisation potentials of the various elements. 

Absorption of some Diatomic Gases in the near Infra- 
red. ELMER S. IMES (Astrophys. J., 1919, 50, 251--276).-The 
importance of the study of ahsorplion bands of gases in the near 

CHEMICAL ABSTRACTS. 

J. R.  P. 
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GENERAL AND PHYSICAL CHEMISTRY. ii. 5 

infra-red arises, first, from t8he information given with regard to 
the structure and mechanics of the molecule, including inferences 
as to atomic structure, and, secondly, in the new application and 
test of the quantum theory extended to  the rotational energy of 
molecules. A summary of the theory and previous work is given. 
More extended and more accurate data are obtained of lihe 
absorption bands of hydrogen fluoride, chloride, and bromide. 
Tables and curves are presented showing the bands of hydrogen 
chloride a t  1.7Gp and 3 . 4 6 , ~  in great detail, and giving for 
hydrogen bromide a similar band a t  3.9 p resolved into its quantum 
lines, and, for hydrogen fluoride, a band a t  2 . 5 ~ ~  which has not 
been studied before. The positions of the absorption maxima are 
determined with an accuracy of several Angstrom units. From 
experimental results, the lengths and moments of inertia of these 
three molecules are computed : l x 108=0-94, 1.28, and 1.42, and 
I x lO40=1*37, 2.64, and 3.27 for hydrogen fluoride, chloride, and 
bromide respectively. Instead of perfect symmetry of maxima, 
that  is, arithmetical progression in the frequencies of the maxima, 
there is a gradual increase in the frequency difference between two 
adjacent maxima in the infra-red in the direction of longer wave- 
length, indicating that  the vibration frequency of the atoms in 
the molecule is dependent on the rotation frequency of the mole- 
cule. Kemble (A., 1917, ii, 402) advanced the theory that  if the 
amplitude of vibration of the molecule is t,hat required by even a 
single quantum, the infra-red absorption bands should be accom- 
panied by faint harmonics. Doublets agreeing approximately with 
the predictions were previously found, and inexact verification was 
explained by. errors in dispersion curves. Only one harmonic, in 
the case of hyarogen chloride, was observed in this work, the ratio 
being 1.963:l instead of the expected 2 : 1 ,  that  is, the harmonic 
is 0.033 ,u further in the infra-red than the predicted position. 

CHEMICAL ABSTRACTS. 

Spectro-chemical Study of the Allyl- and Methylalyllcyclo- 
hexan-2-ones. R. CORNUBERT (Compt. rend., 1920, 171, 
919-921, 1060--1062) .-The values of the refract,ive indices, 
n24, and the densities, DT, of the a-ally1 derivatives of cyclohexan- 
one, and of a-, P- ,  and y-methylcyclohexanones, axe given. For 
each series of ketones there is an alternation in the variation of 
the densit7 with respect to the number of alkyl groups in the 
a-position. \ I n  every case, the ketone wit>h three alkyl groups only 
shows a slight increase in its refractive index over that  of the next 
lower member. The formation of a “double” group of the type 
CRR: causes a depression of the molecular refraction, whilst the 
formation of a “single” group of the type CHR: is without 
appreciable influence on its value. 

Starting with 1 : 1 : 3 : 3-tetramethylcyclohexan-2-one, and 
replacing the methyl groups one a t  a time by an ally1 group, the 
effect on the molecular refraction has been observed. The results 
show the absence of any influence clue t o  dinietrhyl groups, but the 
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ii. 6 ABSTRACTS O F  CHEMICAL PAPERS. 

marked effect due t o  diallyl groups. The data given support 
Auwers’ theory on the influence of double groups on the value of 
the molecular refraction. W. G .  

Colour and Chemical Constitution. X. A General 
Numerical Solution of the Colour-Constitution Problem. 
JAMES MOIR (Trans. R o y .  SOC. S. Africa, 1920, 8, 303-311. Com- 
pare A., 1920, ii, 573).-It is suggested that t’he influence of 
various substituents on the wave-lengths of absorption bands of 
dyes of the triphenylmethane series is represented by definite 
factors, which are derived as follows. That for p-OH, for 
example, is obtained from the ratio Xaurin /Abenxallrine = 0.9657. Similarly, 
values (in parenthesis) are derived for p-NH, (0*972), N-methyl 
(1.0245) [giving NHMe (0.9965) and NMe, (1.021)1, N-ethyl (1.023) ; 
for the phthaleins, o-CO,H (1.002), o-Me, -Et, C,H,P, 4 1  -Br, -I 
(1.013 k 0 - O O l ) ,  y-OMe (0.973), o-OH (1*030), o-OMe (1*037), a-SOsH 
(1.018). Values of a more tentative character, owing to lack of data 
for purposes of control, are also given for a-Br (1*027), B-Br (1*022), 
y-Br (0*975), B-CO,H (1.012), y-CO,H (0.995), P-SO,H (1*01), 
y-SO,H (1.027), c-SO,H (1*010), a-NH2 (1.022), C-Ph (1.026). The 
colour factor for four methyl groups appears also to apply to the 

The factor for replacement of -CH: by -N: (triphenylmethane --.+ 
indamine series) is about 1.20. 

thiophenazine dyes, since Xinethylene-bllle /Xthionine = Xrntllitchite-greeIIIXDoebner’Y-\ iolst. 

J. K. 

The Light Diffused by Argon. LORD RAYLEIGH (Compt. 
rend., 1920, 171, 1002).-In connexion with a recent paper by 
Cabannes (A.,  1920, ii, 722), the author draws attention to his 
own revised value of 99.1% for the degree of polarisation of the 
light diffused by argon (compare ibid. ,  ii, 574). W. G .  

Dependence of Optical Rotatory Power on Chemical 
Constitution. 111. 1 : 4-Naphthylenebisiminocamphor . 
BAWA KARTAR SINGH and MAHAN SINGH (T., 1920, 117, 
1599-1 601). 

Dependence of Electrical Double Refraction on Tem- 
perature. NIKOLAUS LYON and FRITZ WOLFRAM ( A m .  Physik, 1920, 
[iv], 63, 739-752) .-The dependence of the electrical double 
refraction of ethyl ether, carbon disulphide, and toluene was deter- 
mined for various temperatures between 18O and -78-5O, and the 
results compared with the theories of Langevin and of Born. The 
agreement with the theory of Langevin was good, but the values 
calculated by Born’s formula were, without exception, higher than 
the observed results. J. R. P. 

The x< characteristic Absorption Frequencies for the 
Chemical Elements Magnesium to Chromium. Huao 
FRICKE (Physical Rev., 1920, 16, 202-215).-Photographs show- 
ing the discontinuities in the X-ray absorption bands correspond- 
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GENERAL AND PHYSICAL CHEMISTRY. ii. 7 

iiig with the K-series of the elements from magnesium to chromium 
were studied. The wave-lengths of the more important parts are 
t,abulated , and indicat,e considerable complexity. 

CHEMICAL ABSTRACTS. 

The Charge on the Atomic Nucleus and the Law of 
Force. J. CHADWICK (Phil. Mag., 1920, [vi], 40, 734--746).-The 
charges on the nuclei of three atoms have been measured by a 
direct method depending on the scattering of a-particles. The 
values found were: platinum 77.4, silver 46.3, copper 29.3, in 
fundamental units of charge. The atomic numbers of these 
elements are 78, 47, and 29, respectively. 

The particles were scattered by causing them t o  pass through 
thin metal foil in the form of an annular ring subtending a fairly 
wide cone a t  the source. Both the scattered and direct particles 
were counted on the same zinc sulphide screen under the same 
conditions. I n  this way, the counting was more convenient, and 
1 greater number of particles could be counted than with former 
met,hods. 

The law of force around the platinum nucleus was tested by 
measuring the dependence of scattering on the velocity of the 
a-particle. The result showed that the inverse square law holds 
accurately in the region concerned, namely, about 10-11 cm. from 
the nucleus. 

The results obtained, together with those of other experimenters, 
show that, measured from any point in the region between 
3 x 10-12 cm. and 10-10 cm. from the nucleus of a heavy atom, like 
platinum, the charge is equal to the atomic number, and the law 
of force is the inverse square. It may therefore be concluded that 
no electrons are present in the region between the nucleus and 
the A' ring. J. R. P. 

Cathode Fall in Neon. ARTHUR H. COMPTON and C. C. VAN 
VOORHIS (PhysicaE Rev., 1920, 15, 492-497).-Measurements are 
made of the potential difference between the cathode and the 
beginning of the positive column when a discharge is passed 
through pure neon, using a number of different metals as cathode. 
The '' normal cathode fall," or potential difference, between the 
cathode and the cathode glow for  normal current is also deter- 
mine'd for several metals. It is found that for  normal current 
the potential difference between the cathode and the positive 
column is very nearly proportional to the potential differences 
between the cathode and the cathode glow when different metals 
are used as cathode. The values in volts of the normal cathode 
fall in neon were found to be: with Pt cathode 152, W 125, T1 
125, A1 120, Mo 115, Mg 94, Ca 86, Na 75, and K 68. These 
values are in the order, as far as available data go, of the contact 
potential series, and are consistently slightly lower than the corre- 
spondiiig values in helium. CHEMICAL ABSTRACTS. 
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ii. 8 ABSTRACTS OF CHEMICAL PAPERS. 

The Independent Origin of Actinium. ELLIOT QUINCY 
ADAMS (J. Amer. Chem. SOC., 1920, 42, 2205-2208).-Piccard’s 
assumption (A.,  1918, ii, 6) that the actinium series is derived 
neither from uranium-1 nor from uranium-11 does not require, 
as supposed by Soddy (A.,  1918, ii, 211), the identity of the periods 
of the first and third. The relation of the uranium, actinium, 
and thorium series becomes more symmetrical i f  a hypothetical 
isotope of proto-actinium (ekatantalum or uranium-2) is assumed 
as the parent of actino-uranium by a &ray transformafion. This 
element and actino-uranium have assigned to them an atomic weight 
235, corresponding with proto-actinium 231, actinium 227, and 
actinium lead 207. The last value agrees well with Honigschmid’s 
value of 206.05 for the atomic weight of uranium lead containing 
approximately 3% of actinium lead. J. R .  P .  

Rate of Decay of Actinium and the Transformation 
Relationships of the Actinium Series. STEFAN MEYER 
( T V i e n .  Anzeiyer, 1920, 133; from Chem,. Zentr., 1920, iii, 761). 
-The half-life period of actinium is calculated to be about sixteen 
and a-half years, and the transformation ratio of the actinium to  
the uranium-radium family to be 4%. H. W. 

Resonance Potentials and Low-voltage Arcs for Metals 
of the Second Group of the Periodic Table. F. L. MOHLER, 
PAUL D. FOOTE, and W. F. MEGGERS ( J .  O p t .  SOC. Amer., 1920, 
4, 364-370).-A four-electrode tube was used, in which a hot 
wire cathode was surrounded by two cylindrical grids and a plate. 
The grids, of which one is close to the cathode and the other close 
to the plate, are maintained a t  the same potential by a metallic 
contact; a variable accelerating field for electrons is used between 
the cathode and inner grid, and the current reaching the plate 
against a small retarding field between the outer grid and plate 
is measured. The ionisation and resonance potentials, in volts, 
were found to be: zinc, 9.3, 4.18, 5.65; cadmium, 9.0, 3.95, 5.35; 
mercury, 10.2, 4.76, 6.45 ; magnesium, 8.0, 2.65, 4.42 ; calcium, 
6.01, 1.90, 2-85. I n  all cases, the values are compared with the 
theoretical values. Some general conclusions are drawn for 
electron impacts with molecules of metals of the second group. 

J. R. P. 

The Nature of the Ions produced by Phosphorus. J. A. 
MCCLELLAND and P. J. NOLAN (Proc. Roy. Irish Acad., 1919: 35, 
[ A ] ,  l--I2).-The work was undertaken to see if  any of the groups 
of ions of various characteristic mobilities, obtained by bubbling 
air through mercury and through alcohol, were present in the 
ionisation produced by drawing air over phosphorus. Under 
various conditions, fourteen different types of ions have been found 
in this air, with mobilities, in a field of 1 volt/cm., of 0.22, 0.092, 
0.053, 0.028, 0.018, 0.0074, 0.0041, 0.0024, 0.0012, 0*00064, 
0.00031, 0.00015, 0.000085, and 0-000053 cm./sec. Some of the 
more mobile ions are only obtained in dried air with a short 
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iiiterval between f ormatiou and uieasureiiient, and sonie of the 
slower ions only in undried air with a long time interval. Both 
positive and negative ions in each group are present in similar 
quantity, and the mobility does not change with time. All the 
ions produced by phosphorus, except the two slowest, are observed 
in bubbling experiments, which points to the conclusion that they 
are largely composed of water. Different nuclei in different cases 
appear t o  act as the starting point of the ion, but the growth 
system seems to be the same in the case of phosphorus ionisation 
as in the case of bubbling. 

11. 
Dissociation Relationships in Permutite. A. GUNTHER- 
SCHULZE ( Z e i t s c h .  ETpktrochem., 1920, 26, 472-480. Compare 
R., 1919, ii, 490) .-The electrolytic conductivity and the volume 
change of permutite mixtures have been determined for the base 
exchange, pptassium-cadmium, potassium-lead, lithium-cadmium, 
and potassium-chromium. The observed values, and those calcu- 
lated on the basis of theoretical considerations, are in very good 
agreement, so that  the author is enabled to make the following 
statements. The dissociation re1at)ionships of potassium permutite 
and lithium perinutite are approximately the same, just as are 
those of similar salts in aqueous solution, and they change in the 
same way on dilution. The laws governing the influence of two 
salts with the same anion on the dissociation are true for solid 
permutite, in exactly the same way as for salts in solution. By 
the continuous replacement of the cation of a strongly dissociated 
permutite by that of a weakly dissociated permutite, the mobility 
of the former is reduced, since the undissociated, and therefore 
skationary, cation of the second permutite reduces the space avail- 
able for  the movement of the first cation. Permutite takes up a 
volume, determined by every type of cation in i t ,  since each pure 
permutite has a different molecular volume, which depends on the 
ion volumes of the base. The molecular volume changes with 
base interchange proportionally with the amount of interchange 
as long as the amount of water of crystallisation remains constant. 
This will also affect the space available for  the migration of the 
cation. All permutites examined up to the present contain 5H,O, 
except chromium permutite, and this contains 13H,O. These 
enter into the interior of the molecule, which is thereby consider- 
ably loosened, so that  the mobility of the chromium cation is very 
much increased, and in the case of pure chromium permutite has 
a value of the same order as that  of the chromium ion in aqueous 
solution. I n  those cases where the base interchange brings about 
a very siiiall electrolytic conductivity, the interchange is very slow, 
so that as much as ten days is required for complete reaction. 

F. S. 
Behaviour of Electrolytic Ions in Solid Substances. 

J. F. S. 

A New Method €or the Estimation of Electrolytic Con- 
ductivity of Solutions. JOHANNE CHRISTIANSEN (Hospitalstidende, 
63, 297 -302; from C ' h p m .  Z e n t r . . ,  1920, iv, 568--569).---h 
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ii. 10 ABSTRACTS OF CHEMICAL PAPERS. 

veesel with the liquid under investigation and a voltmeter are 
connected in series in a direct current circuit of known potential. 
If the resistance of the vessel is not negligibly small compared with 
that of the voltmeter, the latter does not indicate the known 
potential, but some lower value. A convenient vessel for the 
examination of urine is formed by a U-tube, the greater part of 
which is constructed from a capillary tube 32 cm. long and 1.8 mm. 
in diameter. The apparatus is calibrated with the aid of solu- 
tions of known conductivity. The method is useful when rapid 
estimations are required which need not be performed with 
extreme accuracy. H. W. 

Electrical Conductivity of Gelatin Mixtures and their 
Behaviour during the Transition of the Gelatin. F. RETTIG 
(KoZZoid Zeitsch. ,  1920, 27, 165--172).-The electrical con- 
ductivity of gelatin-water mixtures of concentrations 2.07% to 
25.37% has been determined a t  18O. The specific conductivity 
increases rapidly, and approaches at  the higher concentrations t o  
a maximum. Further measurements with gelatin-water mix- 
tures to which additions of potassium chloride, bromide, 
or sulphate have been made in concentrations varying between 
0.01N and 0.5N. The effect of the change of gelatin into &gelatin 
has also been investigated by measuring the conductivity after 
the mixture has been heated at  80° for specified periods of time. 
When small quantities of salts are added t o  the gelatin-water 
mixture, the conductivity becomes greater than that of an aqueous 
solution of the added salt of the same concentration, but with a 
larger addition of electrolyte the results are reversed. If it be 
assumed that, on the addition of an electrolyte, the conductivity 
of the mixture is made up of the sum of the conductivities of the 
components, it follows that the conductivity calculated for the 
mixture is greater than the measured value, and increasingly 
greater the larger the amount of salt added. This reduction of 
the conductivity is attributed to the influence of the pure gelatin 
on the conductivity. The influence of gelatin on the conductivity 
of different salts may be expressed by a series similar to the 
Hofmeister series. On continued heating, the gelatin is gradually 
converted into P-gelatin. This change in the present case brings 
about an irreversible increased conductivity. The velocity of the 
change increases with the duration and temperature of the heat- 
ing, and is greater in dilute mixtures than in concentrated mix- 
tures. The addition of electrolytes effects the change in different 
ways, depending on the concentration and the nature of the ions 
of the electrolyte. J. F. S. 

Electromotive Properties of certain Binary Alloys. I. 
Theoretical Considerations. ROBERT KREMANN (Zeitsch. 
Metallkunde, 1920, 12, 185-191; from Chem. Zentr., 1920, iii, 
684) .-A general theoretical account is given of the dependence 
of the potential of solid met)allic alloys on their composition, and 
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the application of this relationship t o  the elucidatiou of their 
constitution. H. W. 

Electromotive Properties of certain Binary Alloys. 11. 
Electromotive Behaviour of Silver-Cadmium Alloys. 
ROBERT KREMANN and HELMUT RUDERER (Ze i t sch .  Metallkunde, 
1920, 12, 209-214; from Clzem. Zentr., 1920, iii, 684. Compare 
preceding abstract) .-A series of cells composed of cadmium, 
cadmium sulphate, and cadmium silver alloys of varying composi- 
tion have been examined, the initial potential observed immediately 
on bringing the electrodes into the solution, and the final potential, 
generally attained after six to eight hours, being observed. The 
initial potential sinks rapidly a t  first, then more slowly, and finally 
asymptotically approaches its final value. The initial potential 
of alloys richer in silver is somewhat variable. The less noble 
values only decrease slowly and fairly uniformly a t  first from the 
cadmium potential with increasing silver content (to about 50 milli- 
volts), and only exhibit a marked drop in potential with more 
than 90 at .  % silver; in addition to these less noble values, alloys 
containing more than 25% of silver exhibit higher initial potentials 
(as much as 150-170 millivolts greater than that of cadmium). 
Since this observation is also made with alloys which have been 
tempered a t  about 400°, the fluctuations cannot be attributed to 
failure to ensure equilibrium in their preparation. The initial and 
final poteiitials differ but little from one another with alloys con- 
taining up to 20 at .  % of silver; from 20-40 at. %, the latter fall 
rapidly to the nobler potentials, and with increasing silver content 
approach the potential of pure silver asymptotically. 

I n  the authors’ opinion, the least noble of the measured initial 
values is the true potential of the alloy. The compounds present 
in the series of alloys, and also the mixed crystals up to  about 
90 at .  % of silver are therefore but little more noble than cadmium. 
Owing to the absence of silver ions, it would be expected, on 
theoretical grounds, that  silver would pass into solution and the 
potential gradually become less noble. The non-f ulfilment of this 
expectation is explained by the authors on the supposition that  
local elements are immediately formed in which increasingly noble 
layers are developed by the solution of the less noble portions, and 
this hypothesis also accounts for the occurrence of more noble, as 
well as less noble, initial potentials. The falling away of the final 
potentials from 20 to 40 at .  % of silver is probably to be ascribed 
to a galvanic resistance limit, such as has been described by 
Tainmann. H. W. 

Hydrogen Overvoltage. DUNCAN A. MACINNES (J. Amer. 
Chem. SOC., 1920, 42, 2233-2238).-The disagreement between 
the author and Newbery (A., 1920, ii, 727) depends, among other 
things, on difference in the use of the term “overvoltage.” 
According to Newbery’s implied definition, the expression should 
be reserved for potentials determined by a commutator device 
which periodically opens the exciting current at, the electrode under 
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exauiiuatiou aiid closes the ptentioineter circuit conuecting this 
electrode and a reference electrode. I n  the work of MacInnes and 
Adler (A., 1919, ii, 131), and of practically every worker in this 
field, the exciting current remains flowing while the potentiometer 
ineasurements are made. Newbery appears to be nearly, if not 
quite, alone in thus restricting the meaning of the term. The 
difference between the two kinds of overvoltage is equal to New- 
bery’s “ transfer resistance.” 

The formation of a film of gas over the electrode, which New- 
bery considers as the source of transfer resistance, does not occur 
except over a very small part of the electrode used by the author, 
and the ohmic ”transfer” resistance due to such a film is open to 
serious question. 

Newbery’s contention that transfer resistance may seriously 
affect conductivity measurements is not in agreement with the 
results of Eastman (A., 1920, ii, 578), which show that conductivi- 
ties determined by direct and by symmetrical alternating-current 
measurements are equal within 0.02-0*03%, and also agree with 
Hohlrausch’s values, although the latter were not determined with 
pure sine-wave current. 

The “ transfer resistance ” of Newbery is probably a potential. 
It appears that all the facts, including those brought to light by 
Newbery’s experiments, can be explained by the theory advanced 
by MacInnes and Adler. 

Determination of the Hydrogen-ion Concentration in 
Pure Water by a Method for Measuring the Electromotive 
Force of Concentration Cells of High Internal Resistance. 
H. T. BEANS and E. T. OAKES ( J .  Amer. Chem. Soc., 1920, 42, 
2116--2131).-A new method of measuring the E.M.F. of con- 
centration cells has been applied with an accuracy of 0.5 millivolt. 
The method consisted essentially in connecting the given cell with 
a standard condenser and discharging through a galvanometer. 
By comparing the deflexion with that given by a standard cell 
used under the same conditions, the ratio of the E.M.F. was 
found : E,/E,=d,/d2. The hydrion concentration of pure water 
is found to be 1 . 2 3 ~  10-8, or 10-7-91. The time required by the 
cell Hg I HgC1,KCl I KCl I H,O 1 H, t o  charge a condenser of 1 micro- 
farad capacity is three to five minutes. For a cell of low internal 
resistance, such as Hg I HgC1,KCl I KC1 I HC1 I H,, only an instant 
is required to charge the condenser. 

Hg I HgC1,KCl sat. I KCl sat. I H20 I H ,  
reaches its maximum voltage in from forty minutes t o  one hour, 
and then remains constant for a t  least twenty-four hours. 

J. R.  P. 

The cell 

J. R. P. 

Electrolytic Pole-fmder for Laboratory Use. ERWIN 
YINOFF (Chem. Z e i t . ,  1920, 44, 914--915).-For the detection of 
defects in electric leads and for the determination of polarity, 
the carbon filament lamp is replaced by two pieces of apparatus 
depending on electrolytic effects. I n  one, two burette clips are 
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fastened to a piece of glass, on which is laid a strip of paper 
moistened with water to which phenolphthalein has been added. 
Leads from the clips are applied to the circuit t o  be tested, and a 
red coloration under one clip indicates the cathode. In the other, 
the solution is contained in a short tube, from the ends of which 
the leads are taken. J. R. P. 

Measurement of Electro-osmotic Tensions in Liquids of 
Low Conductivity. W. STASZEWSKI (Kraka?~ Aitzeiger, 19 17, [ A ] ,  
269-278; froiii C'he?IL. Zerbtr . ,  1920, iii, 782).-The term electro- 
osinosis is considered to denote the transport of a fluid along the 
surface of contact with a solid substance under the influence of an 
electric current ; the converse phenomenon, the development of a 
current by the movement of two media along the surface of con- 
t'act, is termed current stream. The movement of a liquid along 
the walls of the containing vessel when, for example, the fluid is 
positively charged relatively to the wall, causes a transport of 
electricity in the direction of the current. Under the influence of 
the external electric field, the charged liquid layer becomes set in 
inotion, and carries with it the neighbouring particles in con- 
sequence of internal friction. I f  A- is the DE', A the specific con- 
ductivity, p the coefficient of internal friction of the liquid, 
(&-+(,) the difference of potential of the electrical double layer 
a t  the surface of contact of liquid and wall of tube, and I' the 
difference of pressure a t  the ends of the capillary, the current 
developed by the flow of liquid in the capillary can be calculated 
from the formula E =I..(+l - + J l P / 4 7 r ~ p .  In the present coin- 
inunication, which is devoted to the proof of this theory (as far as 
the dependence of electro-osmotic tension on external pressure is con- 
cerned) and to the estimation of the constants X(+l-+o) of badly 
conducting substances, the author uses a method which depends on 
the measurement of the E.M.F.  induced by driving a liquid 
through a capillary. The experiiiients were performed with nitro- 
benzene, ethyl ether, and mixtures of ethyl alcohol and toluene, and 
have shown that a proportionality exists between the electro-osmotic 
tension, B, and the external pressure, P. Further mixtures of 
alcohol and toluene show analogous variations with respect to A 
and X(+l-+o); both values decrease with the toluene content, 
slowly in mixtures poor in toluene, but rapidly in those rich in 
this substance, so that  the ratio K ( + l - + o ) / ~  remains of the same 
order of magnitude, whilst A diminishes in the ratio 1 :10,000. 
There appears, therefore, t o  be an intimate relationship between 
the structure of the electrical double layer and the mechanism of 
electrical conductivity. Further measurements show that a marked 
increase in the conductivity of a badly conducting liquid raises the 
potential difference a t  the surface of contact with the solid 
substance. H. W. 

A New Transport Apparatus. A. STEIGMANX (Kolhzd 
Z e i t s c k . ,  1920, 27, 37--38).-The apparatus in use for the deter- 
mination of the migration velocity of colloids has the disadvantage 
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that it may only be used for electrolyte-free, or a t  best electrolyte- 
poor, colloids. The Coehn-Galecki apparatus has been modified 
to overcome this difficulty. The U-tube is closed a t  the top by 
an horizontal tube, which connects both arms of the U-tube, and 
is itself connected t o  two small, vertical tubes in which the elec- 
trodes are placed. A long stop-cock passes through the middle of 
the cross-tube and into the bend of the U-tube. The stop-cock 
is bored so that  when the horizontal cross-tube is open, the bend 
is closed by the stopcock. The current is switched on with the 
U-tube open, that is, the current must pass through the colloid 
being measured; this takes place for a minute, during which time 
the electrolyte decomposition products remain in the electrode 
vessels. Then the stopper is turned to open the horizontal tube 
and, a t  the same time, close the U-tube, and, further, the direc- 
tion of the current is changed. This flows through the horizontal 
tube, but cannot pass through the colloid under investigation, and 
reconverts the electrolyte decomposition products into the original 
electrolyte. After a minute, the tap and current are again 
changed, and so on. 

Charging and Discharging Organic Dyes. ALBRECHT BETHE 
(Ro77oid Zeitsch., 1920, 27, 11-17) .-The velocity of kataphoresis 
of a number of acidic and basic dyes in acid and alkaline solutions 
of various concentrations has been examined with the object of 
ascertaining whether the charge on dye substance particles plays 
any part in the penetration of these substances into living cells. 
It is shown that all the sulpho-acid dyes migrate t o  the anode 
over a wide range of P, values, but with different velocities vary- 
ing with the P, value. These substances, Chicago-blue, benzo- 
brown,’ and fast yellow, behave, as regards their coloured part, 
as true ions, since they are unchanged in the direction of their 
migration, but they differ from true ions, since the migration 
velocity does not remain constant with varying concentrations of 
hydrogen ions. Basic dyes also show a dependence on the 
hydrogen-ion concentration, but in the opposite sense to that of 
the acidic dyes. I n  this case, the smallest velocity is found in the 
neighbourhood of the neutral point, but generally slightly on the 
alkaline side of it. I n  the presence of larger quantities of sodium 
hydroxide, these dye substances partly change their direction ; this 
is not due to  the change in the P,, value, but to the formation of 
a sodium salt. J. F. S. 

Determination of the Colloid Charge. RUDOLF KELLER 
(Kolloid Zeitsch., 1920, 27, 255--257).-An answer t o  the 
criticisms of Bethe (preceding abstract) concerning the results con- 
tained in a previous paper of the author (A., 1920, ii, 786). 

J.  F. S. 

J. F. S. 
Protein Reactions. I. A Microscopical Kataphoresis 

Method. A. VON SZENT-GYORUYI (Biochem. Zeitsch., 1920, 110, 
116-1 18) .-A microscopical kataphoresis device for application in 
colloidal chemistry is described. s. s. z. 
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The Thermal Variation of the Coefficient of Magnetisa- 
tion of some Anhydrous Chlorides and an Oxide in the 
Solid State, and the Theory of Magneton. PH. T H ~ O D O R I D ~ B  
(Compt.  rend., 1920, 171, 948--950).-The substances examined 
were cobalt, nickel and manganous chlorides, and manganous 
oxide. For the first two chlorides, the results obtained for the 
thermal variation of the coefficient of magnetisation agree with the 
theory of magneton. The values obtained for n, the number of 
magnetons, with manganous chloride or oxide are not whole 
numbers, but the differences between the atomic moments are very 
near to one magneton. All the chlorides give a positive constant 
of the molecular field. W. G. 

Simple Electric Heater for the Evaporation of Liquids. 
EDUARD MOSER (Zei t sch .  angew. Chem., 1920, 33, 300).-A mix- 
ture of coarse carbon powder and coarse fire-clay particles is placed 
in a shallow fire-clay vessel 20 cm. in diameter. Two iron elec- 
trodes are clamped inside the vessel and opposite each other, the 
lower ends of the electrodes making contact with the carbon 
mixture; the resistance of the latter is such that a current of 220 
volts and 4 amperes yields a heat suitable for the evaporation of 
liquids. The resistance increases after the apparatus has been used 
for some time, but may be decreased by the addition of fresh carbon 
in small quantity. w. P. s. 

The Isothermals of Hydrogen. L. HOLBORN (Ann. Physik, 
1920, [iv], 63, 674-680).-The isotherrnals of hydrogen a t  
temperatures of Oo, 50°, and looo, and a t  pressures between 20 
and 100 atm., were determined. The results may be expressed in 
the following formulae. The unit of pressure was that of a column 
of mercury of 1 metre a t  0' under the normal gravity, 
9=980-665 cm./sec.2. The unit of volume was the volume of the 
gas under this normal pressure. Within the limits of experimental 
error, amounting to a few parts in ten thousand, the isotherms for 
50' and 100'' were linear; that  for Oo showed a slight deviation 
from a straight line, but never to a greater extent than 1 in 1000. 

0' : pv = 0'99918 + 0.00082094p + O.O000003745p? 
50' : p~ = 1.18212 + 0.00089OOOp. 

100' : pv = 1.36506 + 0*00091400p. 
The results may be expressed as functions of 1 /v : 

0' : PU =0.99918 + (0*00081613)/~ + (0~00000122O)/~2. 
50' : PV =1-18112 + (0'0010505)/~ + (0~000001015)/~~.  

100": 'pV= 1.36506 + (0.0012450)/~ + (0~000001240)/v2. 
J. R. P. 

Specific Heats. M. PADOA ( A t t i  R. Accad. Lincei, 1920, [v], 
29, ii, 198-202).-The author advances the view that the 

'behaviour of solids with respect to specific heat should find its best 
interpretation in their chemical characters, these including the 
affinity. Application to this theme of the supposition, supported 
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by the author's experimental data (A., 1919, ii, 51, 96; 19%' 
ii, SS) ,  that the binding of the atoms in crystals is due to chemical 
forces, and therefore to primary and secondary valencies, leads to 
the conclusion that the amplitude of the thermal movement of the 
atoms, and consequently also the heat-content and its derivative 
with respect to temperature, that is, the specific heat, should depend 
essentially on: (1) the solidity, (2) the directions, and (3) the 
number, of the linkings between the atoms. 

Since the stability and the molecular complexity increase in 
passing from simple to complex molecules, it seems that a continu- 
ally increasing affinity is rendered available for the construction o&' 
the crystalline edifice; confirmation of this is furnished by the 
fact that  polynierides always melt a t  higher temperatures than the 
corresponding compounds with simple molecules. According to  
these considerations, both the solidity of the internal linkings of 
any single molecule and that o i  the external linkings uniting the 
various molecules of a chemical individual should tend t o  diminish 
the specific heat. That such diminution of the specific heat with 
polymerisation does actually occur is shown by the results of the 
author's measurements of the specific heats of cyanamide, 
dicyanaiiiide, and melamine ; silver cyanate and cyanurate ; sodium 
cyanate and cyanurate ; lzvoglucosan, starch, and cellulose ; 
cyanuric acid and cyamelide. For instance, the value of the specific 
heat for starch or cellulose is only about one-half of that for 
lzvoglucosan. From the molecular heat, a mean atomic heat for 
each of the constituent atoms of a compound may be calculated, 
and this atomic heat, in contradiction of the law of Neumann and 
Kopp, decreases markedly as polymerisation increases. The 
different values of the specific heat for the isomeric cyanuric acid 
and cyainelide indicates, as was to be expected, that, other condi- 
tions being equal, the specific heat varies with the arrangement 
of the valencies in a molecule. T. H. P. 

Specific Heat at Low Temperatures. PAUL GUNTHER ( A m  
Pltysik, 1920, [iv], 63, 476-480).-The specific heat of sodium, 
antimony, and lithium hydride has been determined at  various 
low temperatlures by means of a slightly modified form of the 
Nernst and Schwers' apparatus (Gunther, ibicl., 1916, 51, 828). 
The following values have been obtained for the atomic heat in 
the case of the elements and the molecular heat in the case of 
lithium hydride : sodium, 87O, 5-26 ; 89*7O, 5.29 ; 91*5O, 5.40; 
105'2O, 5.58; 108.0°, 5.64; 121'9O, 5.67; and 124O, 5.67; antimony, 
80.4O, 5.19; 81-6', 5.06; 8'5'6O, 5.22; 92", 5-33; 98*1°, 5-47; 
lithium hydride, 74.0°, 0.674 ; 8 3 * 2 O ,  0.925 ; 90*5O, 1.217; and 
292*7O, 8.177. The teniperatures in all cases are in degrees abso- 
lute. The atomic heat and molecular heat values are compared 
with the values calculated by means of Debye's formula (A., 1912, 
ii, 1134), and in most cases a good agreement het'ween the two sets 
of results is found. J. F. S.  
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The Theoretical Determination of the Vapour-pressure 
Equation for any Substance from the Density and Co- 
efficient of Expansion at a given Temperature (below the 
Boiling Point). I. Carbon. J. J. VAX LAAR (Bee. traw. chim., 
1920, 39, 647-655).-Applying the formula log p= - d /T- 
BlogT+(,'T+ . . . + C  (compare A., 1920, ii, 287), the author 
obtains for carbon the equation loglop = - 47120/ T - 3 l o g V  + 
20.24, froni which he calculates for carbon T,=5200° and T,='i800° 
abs., and the value for the triple point of carbon as 3900O abs. 
The value of I),. is 2500 atm. (appro".). 

A Method of Measuring Low Vapour Pressures, with its 
Application to the Case of 2 : 4 : 6-Trinitrotoluene. ALAN 
W. C. MENZIES ( J .  d n t e r .  Ckem. Soc., 1920, 42, 2218-2221).-A 
LMcLeod gauge is immersed in a constant-temperature bath and 
connecied with a bulb immersed in a second bath. The apparatus 
is exhausted, and nitrogen admitted to a small pressure. The 
pressure increase on heating the bulb is found. The material is 
placed in the bulb and the operation repeated, vapour being pre- 
vented from diffusiiig to  the gauge by cooling a portion of the 
connecting tube. From the increase of pressure, the vapour 
pressure of the substance may be calculated. 

The vapour pressures of trinitrotoluene, m. p. 80..5*, dried, but 
not specially purified, are represented in a table, from SOo to 1 0 2 O ,  
in the original. The observed pressures were: 0.046 niin, a t  
81*6", 0.067 mm. at  90*lo, and 0,120 mm. at  102.6O. [See ,7. Soc.  
ClIettL. I P Z d . ,  1921, 2 8 A . I  J. R.  P. 

W. G. 

Heat Changes in the Formation of "Nitrolime." PAUL 
DOLCH (Ze i t sc l i .  E'lektroclze?tl., 1920, 26, 455-459) .-Making use 
of Nernst's heat theorem, the author has calculated the heat 
changes occurring in the formation of calcium cyanamide on the 
assumption of a complete equilibrium. The calculations are based 
on Thompson and Lombard's experimental data ( M e t .  Chem. 
E'ny., 1910, 8, 682). It is shown that the heat of combination 
of nitrogen with calcium carbide is (3=58700 Gal. per gram of 
carbide. The equilibrium curve for the formation is deduced, 
and it is shown that the calculated values lie within the limits set 
by the uncertainty of the value of Q. The calculated values differ 
very much from the values of Thompson and Lombard a t  high 
temperatures, and it is suggested that the divergences may be due 
to a change in the phases of the system. J. F. S. 

The Heat of Vaporisation of a Liquid at Low Tempera- 
tures. E. A R I ~ S  (C'ompt. rend., 1920, 171, 986-989. ,Compare 
A . ,  1920, ii, 585).-Poleinical. A reply to Bruhat (A., 1920, 
ii, 732). W. G .  

A Substitute for Thoulet's Solution. A. THIEL and L. STOLL 
(Be,.., 1920, 53, [B] ,  2003).-For the det8erinination of the specfiic 
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ii. 18 ABSTRACTS OP CHEMICAL PAPERS. 

gravity of organic substances by Retger’s suspension method, an 
aqueous solution of lead perchlorate can be used in place of the 
more expensive Thoulet’s solution (mercury-potassium iodide) or 
Rohrbach’s solution (mercury-barium iodide). #The perchlorate 
solution is prepared by saturating commercial perchloric acid with 
lead carbonate and evaporating to the saturation point. The 
saturated solution a t  15O is a mobile liquid, DIS 2.6, and contains 
‘78% of lead perchlorate. E. H. R .  

Forces in Surface Films. I. Theoretical Considerations. 
11. Experimental Observations and Calculations. 111. 
The Charge on Colloids. A. M. WILLIAMS (Proc. Roy. SOC., 
1920, [ A ] ,  98, 223--234).--The effects of accessibility of surface 
and of adsorption on the apparent specific volumes df finely divided 
solids are discussed. Observations are in agreement with the 
theory of these effects. The true specific volume of a specimen of 
charcoal, which gave the apparent values 0.51 and 0-46 in water 
and chloroform, respectively, was evaluated as 0.67 C.C. per gram. 
The attractive pressure in the surface film on the charcoal was 
calculated to be of the order of 10,000 atm., whilst the internal 
pressure of charcoal itself was estimated as of the order of 
50,000 atm. These compressive forces may give rise in the adsorp- 
tion layer to a diffusion potential difference of the magnitude 
observed in the case of suspensoids. 

Molecular Transformations in Thin Films on the Surface 
of Water. HENRI LABROUSTE ( A m .  Physique, 1920, [ix], 14, 
164--238).-The effect of the following substances in forming films 
on the surface of water was studied : ethyl ether vapour, turpentine 
vapour, benzene, toluene, xylene, ethyl ether, light petroleum, 
turpentine, triolein, oleic acid, trilaurin, tribenzoin, salol, benzo- 
phenone, trimyristin, camphor, benzoic acid, lauric acid, vanillin, 
paraffin, palmitic acid, stearic acid, cetyl palmitate, cetyl alcohol, 
gamboge, cyclamine, and various powders. Betol, benzophenone, 
and azobenzene, added in solution, do not spread into films. The 
changes of certain films with time were investigated. 

Theory of the Viscosity of Heterogeneous Systems. 
W. R. HESS (Kolloid Zeitsch.,  1920, 27, 1-ll).-After a dis- 
cussion of the formulae put forward by Einstein (Ann,  Physik, 
1906, [iv], 19, 297) and Hatschek (A., 1911, ii, 19, 98) to repre- 
sent the viscosity of heterogeneous systems, the author develops 
the formula ~ j ~ = r j ( l - R ) ,  in which qr is the viscosity of the 
suspension, y that  of the dispersion medium, and K the total 
volume of the suspended particles, that  is, (1 - R) is the volume of 
dispersion medium per unit volume of the suspension. Putting 
this formula into words, it states that  the work used when a 
suspension flows through a tube of given dimensions is inversely 
proportional to the true cross-section of the liquid. The formula 
is tested by means of some experimental results on the viscosity 
of suspended blood corpuscles. It is found that the total volume 

J. R.  P. 

J. R. P. 
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GENERAL A N D  PHYSlCAL CHEMIST&.P. ii. 19 

of the suspended particles must be multiplied by a factor slightly 
greater than unity t o  give the volume of the particles which is func- 
tioning in the process. The need of this factor is justified by the 
existence of a " dead space " in the liquid behind the solid particles? 
and this is taken account of in the formula by subst'ituting A-1 = a K  
in the original formula, where a is the factor mentioned above. 

J. F. S .  

Theory of the Viscosity of Heterogeneous Systems. 
A.  EINSTEIN (KoZZoicZ ZeitscJt.,  1920, 27, 137).-The author points 
out that  he modified the formula for the viscosity of suspensions 
put forward in 1906 (Diss., Berlin), which had the form 
1j/=q(l+ +), where 4 is the total volume of the suspended particle 
in a liquid of viscosity 7, to q1=r](l+2-5+) (Ann. PhysiJc, 1911, 
4, 34). This change is apparently not well known (compare Hess, 
preceding abstract). J. F. S. 

The Importance of Adsorption in Analytical Chemistry. 
I. M. KOLTHOFF (Pharm. WeekbEad, 1920, 57, 1510-1529).- 
Although adsorption phenomena are comparable in many respects 
to those due to lowering of surface tension, the latter is not always 
the cause of the former, which generally proceeds in accordance 
with the law x / m =  ac . l / n ,  where x l m  is the quantity of adsorbed 
material per gram of adsorbent, c is the end concentration, and 
a and 1/12 are constants; this law may be regarded as in essence 
chemical, and based on the known laws of mass action. 

I n  qualitative analysis, adsorption is of importance (1) for the 
collection of small quantities of material, as in the use of filter 
paper to collect lead in water analysis; (2) when traces of material 
may be lost by adsorption, generally on filter paper; and (3) for 
the removal of objectionable substances, as in the decolorising of 
liquids. I n  quantitative analysis, the same phenomena may 
appear. Adsorption of material, either by the filter paper or by 
a precipitate, may lead to grave errors in analysis. Thus filter 
paper strongly adsorbs various heavy metals from neutral solution. 
Quantitative determinations of the amounts so adsorbed show that 
lead is very strongly adsorbed, copper and silver to a smaller 
degree. After filtration of mercuric chloride, the ash-content of 
the filter paper, as determined by ignition, appears less, probably 
by volatilisation of the adsorbed mercury compound. According 
t o  Ostwald, it should be possible, by sufficiently numerous wash- 
ings, almost completely t o  remove an adsorbed substance from 
filter paper, but this is not in agreement with the author's results. 

The adsorbing action of filter paper, a t  least as far  as electro- 
lytes are concerned, is to be ascribed t o  the ash-content, which 
functions as a calcium-permutite, in which the calcium ion may be 
replaced by another positive ion, which thus becomes fixed in the 
paper. This view is supported by the fact that  anions are not 
adsorbed , whilst if  the solutions be sufficiently concentrated, 
equivalent quantities of positive ions are taken up, these quantities 
corresponding with the alkalinity of the ash. Acid solutions, that 
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ii. 20 ABSTRACTS 011' CHEMICAL PAPERS. 

is, hydrogen ions, prevent adsorption. By quantitative examin- 
ation, it was found that metals of the alkalis and alkaline earths 
were not adsorbed, whilst the order for the quantities adsorbed 
from 100 C.C. of solutions of various common metallic salts con- 
taining 10 mg. per litre were as follows: Pb" 90%, Hg" and Mn" 
SO%, CU" 70%, Cd" 6076, Ni" 40%, Co" and Ag' 30%, Zn" lO--ZO%, 
Fe"' nil. Alkaloids were also strongly adsorbed froin neutral 
solutions. The capillary action of filter paper is obviously of great 
importance in this coiinexion, but the author does not accept the 
conclusion that this is explained by its adsorptive power. I n  some 
cases, the capillary working is purely physical, as in the case of 
white of egg and colloidal aluminium hydroxide, which act by 
blocking the pores. Positive colloids are difficult t o  filter; they 
give a precipitate in the pores of the paper, which is negatively 
charged. Filter paper will, in fact, impart a negative charge t o  
positive metal oxide sols by repeated filtration. 

The capillary action of filter paper in causing liquids to ascend is 
more complex. Ostwald's expression, s = l i t ' l b ,  in which s is the height 
reached after the time t ,  and Jc and m are constants, m being less 
than unity, is .found t o  hold for many cases. k is a characteristic 
constant, and corresponds with the speed of penetration for the 
paper. From the theoretical work of Lucas, the same result is 
deduced. Since the drawing up of dissolved substances is analogous 
to that of pure liquids, the former cannot be ascribed to adsorp- 
tion. Schmidt has put forward the expression h / I€ = li 1 K ,  where 
JI, and H are the heights reached by the solute and the solvent 
respectively, and Jc and R are the constants in Ostwald's expression. 
From this law, when Js and K are known, the concentration of a 
solution can be determined by the heights t o  which the solute and 
solvent, respectively, are drawn up. 

Skraup and his pupils have studied these phenoinena for acid 
solutions of different concentrations. Strong acids ascend less 
than water, weak acids nearly as high. Skraup arrived a t  the 
equation ( H  - h ) / h  . c = K ,  where H and h are the heights reached 
by the water and solute, respectively, and c is the concentration. 
The author finds the equation L=aCl /n ,  where L is the ratio h : H ,  
C is the concentration, and a and constants, t o  hold for a large 
number of cases, notably hydrochloric, hydrobromic, and oxalic 
acids, and for the strong bases. The weak acids and bases are 
irregular, and no constants can be determined. 

There are many abnormal cases ; hydrogen fluoride and hydrogen 
sulphide behave as strong acids. By later work, Skraup has shown 
that the anion of the acid ascends as high as water, only the 
hydrogen ion being restrained; the author ascribes this to the 
alkalinity of the ash. Non-electrolytes suffer no restraint, and 
ascend as high as water. Salts behave as though highly hydro- 
lysed. Salts of the alkalis and alkaline earths also ascend as high 
as water, but salts of the heavy metals are restrained. The rates 
of ascent vary considerably, and in some cases the solute is found 
t o  have higher concentrations the higher it ascends. The speed 
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ii. 21 GENERAL AND PICPSICAL CHEMISTRY. 

of ascent is much diminished in presence of alcohol or glycerol, 
but the final height is not affected, except in the case of sodium 
hydroxide. 

The author finds that whilst in neutral solution salts of the 
heavy metals are drawn up to a much smaller height than water, 
if the solutions be acidified, the salts reach t o  the same height as 
the water. This is regarded as further proof that the ascent 
is not a pure adsorption phenomenon. s. I. L. 

Adsorption Compounds. 111. It. HALLER (Kolloid Zeitsch., 
1920, 27, 30-34. Compare A.,  1918, ii, 259; 1919, ii, 184).- 
The adsorption complex produced when a suspension of lead 
hydroxide is shaken with cotton-red 4 B. extra, 

C,,H,Me,(N,*C,,,H,"H,I.SO3Na),, 
has been t>reated with various reagents, some of which, acetic acid 
and sodium hydroxide, convert the lead hydroxide into a soluble 
compound, and others, hydrogen sulphide, hydrochloric acid , 
sulphuric acid, potassium chromate, and hydriodic acid , convert it 
into an insoluble compound. The object of the experiments was 
to ascertain in what way the adsorption complex is changed when 
the substrate is changed. The experiments show that  the solution 
of the adsorbent completely destroys the complex. Chemical 
changes of the adsorbent, in the sense that a new, insoluble com- 
pound is produced, cause the destruction of the complex when the 
new product has no adsorptive action 011 the original dye, but 
when the new product exerts an adsorptive action on the dye, a 
new complex is formed without any apparent dissociation of the 
original complex. I n  the latter case there is an exception in the 
case of lead iodide. This substance does not adsorb cotton-red. 
but when the lead hydroxide is converted into lead iodide, a new 
complex is actually formed. J. F. S. 

Relationship between Adsorption and the Dissolved 
Condition. I. Adsorption of Amino-acids, Polypeptides, 
and Egg-albumin by Animal Charcoal. EMIL ABDERRALDEN 
and A. FODOR (Kolloid Zeitsch., 1920, 27, 49--58).-Adsorption 
by charcoal from aqueous solution is theoretically considered, and 
it is shown that in the experiments on which the experimental law 
and the adsorption isotherm are based, dilute solutions were used 
with small quantities of the adsorbent, that  is, although dilute 
aqueous solutions were employed, equilibrium was reached with 
concentrated charcoal solutions. It is therefore held that simple 
adsorption laws will only be obtained when the adsorbent is treated 
in the same way as the liquid solution. This is to be brought 
about by using a large amount of charcoal, so large that a further 
addition will not affect the partition of the dissolved substance 
between the liquid solvent and the solid adsorbent. From experi- 
ments on the adsorption of I-leucine and glycyl-Z-leucine from 
aqueous solution (A., 1919, ii, 49, SO), it is shown that 
(I./(([ - J )  = X. represents the process, in which n is the initial con- 
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ii. 22 ABSTRACTS OF CHEMICAL PAPERS. 

centration, x the amount adsorbed, and 7c a constant. This rela- 
tionshipholds only when an excess of charcoal is used. From the 
above and other experimental results (Zoc. c i t . ) ,  it is shown that 
the adsorption of amino-acids, polypeptides, and many other sub- 
stances by charcoal occurs according to the partition law. The 
adsorption by charcoal is to be ascribed to chemical forces, since 
if this is not true, the adsorption of mixtures cannot be explained. 

J. F. S. 

A Capillary Phenomenon. H. BECHHOLD (Kolloid Zeitsch., 
1920, 27, 229-233) .-The author, in attempting to impregnate 
unglazed porcelain wiih an insoluble silver or copper salt, pro- 
ceeded in the following way. The porcelain was placed in a vessel 
and the air removed by a pump, a solution of silver nitrate or 
copper sulphate was then admitted, and the porcelain saturated. 
This was then dried and again freed from air, and ammonium thio- 
cyanate or sodium hydroxide, respectively, admitted ; this was 
absorbed by the porcelain, and the insoluble salt formed. On 
drying and breaking the porcelain, it was found that the insoluble 
salts were not to be found in the interior of the mass, but were 
found entirely a t  the edges. On saturating porcelain, and, while 
still moist, breaking it, the absorbed salt was found to be uniformly 
distributed through the mass, so that the absorbed material travels 
to the edges on drying. The same phenomenon is found in agri- 
cultural earth which has been treated with mineral fertiliser ; after 
long periods of drought, the mineral fertiliser is found in greater 
concentrations a t  the surface than elsewhere. Experiments are 
described on earth which had been uniformly mixed with 2% solu- 
tions of sodium chloride, barium chloride, and aluminium sulphate 
respectively, and kept for eleven months in a shaded place. On 
analysis, the salt concentration was found to have increased in 
the surface layers. Hypotheses to explain the phenomenon are put 
forward and discussed. J. F. S. 

Degree of Association of the Molecules of Binary Salts 
in Non-aqueous Solutions. P. WALDEN (KoEioid Zeitsch., 1920, 
27, 97-101) .-A general discussion of the association of the mole- 
cules of binary salts in  non-aqueous solvents. Making use of 
previously published work on the conductivity and molecular 
weight of tetraethyl-, tetrapropyl-, and tetraisoamyl-ammonium 
iodides in a large number of solvents, it is shown that a connexion 
exists between the degree of association, x, and the dielectric 
constant, E, of the solvent, in the sense that the degree of associa- 
tion increases with falling dielectric constant, and reaches its 
highest value with solvents of the smallest dielectric constant. 
Thus tetraisoamylammonium iodide in benzene solution (DE 2.3) 
and carbon tetrachloride solution (DE 2.2) behaves like a colloid 
and has a very large molecular weight, since it does not raise the 
boiling point of these solvents even when present in quantities up to 
14%. Hence the conclusion is drawn that highly polymerised binary 
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electrolytes may pass through all conditions of molecular com- 
plexity, from simple ions to highly complex molecules typical of 
colloids, by dissolving them in suitable solvents. Solvents with 
dielectric constants >2 exercise a protecting action on highly poly- 
inerised molecules, and maintain the size a t  a point which is 
characteristic of colloids. Hence the author asserts that  it is not 
so much a colloid type of material that has to be considered, but 
rather a colloidal condition of matter. J. F. S.  

An Apparatus for Continuous Dialysis or Extraction. 
HUBERT MANN ( J .  Biol. Chem., 1920, 44, 207--209).-The 
apparatus consists essentially of a flask, a condenser, and a vessel 
so arranged that the syetem may be exhausted, and that the liquid 
placed in the apparatus may be caused to circulate by means of 
continuous evaporation and condensation. The apparatus has the 
advantages that a small amount of solvent can be used for the 
extraction of a large amount of material, and that the process 
may be carried out under reduced pressure. J. C. D. 

Solubility. IV. Solubility Relations of Naphthalene and 
Iodine in the Various Solvents, including a Method for 
Evaluating Solubility Data. JOEL H. HILDEBRAND and 
CLARENCE A .  JENKS ( J .  Amer. Chem. SOC., 1920, 42, 2180-2189. 
Compare A., 1916, ii, 578; 1918, ii, 36; 1919, ii, 392).-The solu- 
bilities of a substance in solvents where no molecular changes are 
involved, when plotted as log N ( N  =molar fraction) against 1 / T ,  
give a family of approximately straight lines converging to the 
melting point of the solute, where N = l .  The position of these 
lines corresponds with the internal pressures of the solvents, and is 
approxiniately predictable from them. 

When solvation exists, the solubility will be greater than would 
otherwise be expected, but  the temperature-coefficient will be 
smaller. The temperature-coefficient of solubility will be greatest 
for substances differing most in internal pressure. 

The results are illustrated by the solubility of naphthalene and 
iodine in various solvents. 

The solubilities of iodine in various solvents have been measured. 

Solubilities of I o d i n e  in Gfoams per 100 Grams of So lu t io~i .  

Heptane ..................... 0.6 176 1.702 2.491 4- 196 
Carbon tetrachloride ... 0.6877 - 2.603 4.351 

0". 25". 36". 50". 

25". 30'. 35". 40". 46". 50". 56.64". 
Benzene ............ 14.09 16-10 17.90 20-05 22.78 25.51 28.26 

Violet solutions of iodine gave the family of curves expected, 
whereas the brown solutions showed the deviations expected for 
solvate formation. J. R. P. 
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Solubility. V. Critical Solution Temperatures of White 
Phosphorus with Various Liquids. JOEL H. HILDEBRAND and 
THEO. F. BUEHRER ( J .  Amer. C'hern. SOC., 1920, 42, 2213-2218). 
-Critical temperatures of mixing of liquid phosphorus with other 
substances have been determined as follows : decane, >300° ; 
chlorobenzene, 264O ; naphthalene, 202O ; phenanthrene, 2 0 0 O  ; 
p-dibromobenzene, 163O ; carbon disulpliide, - 6*5O'. These figures 
confirm predictions made in previous papers (A.,  1918, i, 62;  1919, 
ii, 392). J. R .  P. 

Crystallographical Observations on Atomic Structure. 
HERMANN TERTSCH (Sitzungsber. AJcad. TViss. TVien, I, 129, 
pp. 24;  from CJzem. Zentr., 1920, iii, 659-660).-The crystals 
even of the elements cannot, in general, be regarded as point 
lattices, since the individual components, the atoms, do not 
unif orinly exhibit spherical symmetry, and also the symmetry of 
the components does not generally coincide with that of the lattice. 
The properties of Bohr's model do not indicate spherical symmetry 
of the atoms, although the discordance is not so marked if the 
path of the electrons is not regarded as lying in a plane. The 
crystalline forms of the several elements are compared with the 
object of elucidating regularities or  detecting approximations in 
the individuals to spherical symmetry. The latter is found to be 
shown t o  a greater extent by the heavier than by the lighter 
elements. Special emphasis is laid on the possibility that the 
path of the electrons lies on the surface of a sphere, and the dis- 
tribution of the electrons in such a system, and the type of 
symmetry which is thereby necessary for atomic structure, are 
discussed. The author further examines the possibility of coinci- 
dence between the hypothetical distribution oE electrons thus 
derived (atomic symmetry) and the observed lattice symmetry. It 
is shown that a rational connexion exists between atomic symmetry 
and crystalline form. This is readily demonstrated for twenty- 
three of the f orty-three crystallographically known elements ; for 
four others, a suitable arrangement of electrons can be given pro- 
visionally, whilst for the remaining sixteen it is not a t  present 
possible to put forward a satisfactory hypothesis concerning the 
relationship of atomic and crystalline forms without resorting t o  
very problematical suppositions. H. W. 

R61e of Water of Crystallisation and the Structure of 
Alums. L. VEGARD (Ann. Physik, 1920, [iv], 63, '753-758).- 
Polemical with Schaefer and Schubert (A., 1919, ii, 516). Con- 
clusions as to the situation of the atoms in space lattices cannot be 
drawn directly from the constitut8ional formulz or from the indica- 
tions of measurements of residual rays (" Reststrahlen ") ; the con- 
nexion between constitution, crystal structure, and the mechanisnl 
of residual rays must be established by determinations of the space 
lattice. It is incorrect t o  draw from the results of Schaefer and 
Schitbert the conclusion that \;.ater of crystallisation enters into the 
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structure of the space lattice in the same manner as the other 
constituents of the salt,. The opposite conclusion could equally 
well be drawn. J. R. P. 

Relations between Crystallographic Phenomena and 
Constitution of some Organic Compounds. A. SCHLEICHER 
( J .  p r .  Chem., 1920, [ii], 100, 49-56).--R theoretical paper in 
which the relationship bet,ween constitution and crystalline form of 
organic compounds is discussed. 

Limited “Free Rotation ” from the Point of View of the 
Theory of Symmetry. A. SCHLEICHER (J. pr. Chem., 1919, [ii], 
100, 57--64) .-The ideas developed in the previous paper (pre- 
ceding abstract) are applied to the cases of compounds, for 
example, s-dimethylsucciiiic acid, which exist in two forms in 
consequence of suppression of free rotation. 

The Structure of Precipitates. SVEN ODBN (Svensk Kem. 
Tidskr., 1920, 32, 108-110; from C’hem. Zentr., 1920, iii, 705). 
-The increase in the size of the particles of barium sulphate is 
but little due t o  the difference in solubility of the small and large 
crystals. The change in the nature of the precipitate which is 
induced by heating depends on the fact that  this is usually per- 
formed in a solution containing much free electrolyte, which cata- 
lyses the irreversible transformation of the secondary aggregates 
primarily f ornied. Reversibility appears to depend on the degree 
of hydration of the particles which are attached to one another by 
means of their aqueous envelopes. If for any reason the latter is 
broken or the original degree of hydration is too slight (as with 
metallic particles), so that the particles come within the range of 
their cohesive or adhesive forces, the transformation becomes 
irreversible. H. W. 

J. I<. 

J. K. 

The Velocity of Flocculation of the Selenium Sol. I. 
The Flocculation by Potassium Chloride. H. R. KRUYT 
and A. E. VAN ARKEL (Rec .  trav. cltim., 1920, 39, 656-671).- 
An extension of work already published (A., 1919, ii, 140). The 
variation of t,he number of particles with the time is, in  principle, 
represented by Smoluchowski’s formula (A., 1917, ii, 297), 
$1, = (2v),/ (1 + t / T), in the case of rapid flocculation, but in the 
case of slow flocculation this relation is not satisfied. Similarly, 
Smoluchowski’s theory as to the relationship between the velocity 
of flocculation and the concentration of the sol holds good for rapid 
flocculation, but in  the case of slow flocculation the phenomena 
are much more complicated. W. G. 

The Coagulation of Gold Hydrosols by Electrolytes. 
The Change in Colour, Influence of Temperature, and 
Reproducibility of the Hydrosol. J RANENDRA NATH 
MUKHERJEE and BASIL CONSTANTINE BAPACONSTANTINOU (T., 1920, 
117, 1563-1573). 
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Colloidal Adsorption. ARTHUR MUTSCHELLER (J. Amcr. Chem. 
Soc . ,  1920, 42, 2142--2160).-With gelatin as a typical reversible 
colloid and zinc sulphate as electrolyte, the following results were 
found: (i) With small additions of electrolyte (less than 0.28 
molar), the migration velocity of the anions was zero and that 
of t’he cations unity, so that the cations alone seem to carry the 
current; the anions alone are adsorbed, and only near the point 
where the colloid is neutral is there a small adsorption of cations; 
the colloid particles migrate to the negative pole, indicating that 
they are positively charged; the viscosity increases as the charge 
of the particles approaches the zero point; the rate of swelling of 
gelatin increases as the concentration of electrolyte approaches 
0.28 molar. 

(ii) When the conceutra,tion of electrolyte is 0.28 molar, the 
migration velocity of the anions is zero and that of the cations 
exactly unity. The electrolytic deposit on the cathode is smooth 
and pure. The anions and cations are adsorbed by the colloid in 
proportion to their mobilities ; as the anions generally migrate 
faster than the cations, they are more adsorbed. The velocity of 
motion of the colloid particles in the electrostatic field is zero; the 
viscosity is a maximum; the rate of swelling of gelatin is a 
maximum. 

(iii) With concentrations of electrolyte greater than 0.28 molar, 
the migration velocity 6f the anions is increased, and that of the 
cations is decreased, as the addition of electrolyte is increased. 
The adsorption of positive and negative ions continues until the 
particles assume a negative charge, when the cations are adsorbed 
in greater proportion. The particles migrate to the anode and, 
are negatively charged, the viscosity of the solution gradually 
decreases as the charge on the particles increases; the rate of swell- 
ing of gelatin decreases as the concentration of electrolyte added 
increases. A t  molar concentration of zinc sulphate, gelatin is 
precipitated. J. R. P. 

Investigation of Sodium Oleate Solutions in the Three 
Physical States of Curd,‘ Gel, and Sol. MARY EVELYN 
LAING and JAMES WILLIAM MCBAIN (T., 1920, 117, 1506--1528). 

Colour Change of Congo-rubin with Time and the 
Influence of Electrolytes and Protecting Colloids. HEINRICH 
LGERS (liolloid Zeitsck. ,  1920, 27, 123--136).-The main factors 
which influence the colour change of Congo-rubin have been quanti- 
tatively studied. It is shown that the change is affected by the 
concentration of added electrolytes according to similar laws to 
those found for gold sols by Zsigmondy ( ‘ I  Kolloidchemie,” 2nd 
edition, 353-354). A region of slow coagulation and one of rapid 
coagulation exist in which very small changes in the concentration 
of the electrolyte cause great changes in the time over which the 
colour change occurs. It is shown in the case of the three electro- 
lytes, potassium chloride, magnesium chloride, and cerous chloride, 
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that the Whetham-Robertson coagulation rule is not followed. 
With a constant electrolyte concentration, the time of colour 
change of Congo-rubin is inversely proportional to its concentration. 
The time of change increases rapidly with the viscosity of the 
solution. Both these results are to be explained by the assump- 
1 ion that tthe coagulation of the discharged particles is controlled 
by their velocity of diffusion. The course of coagulation of a given 
sol under the influence of varying quantities of electrolytes is very 
similar within the limits of the present experiments. During coagu- 
lation ail increase in viscosity takes place, which has not as yet been 
quantitatively explained. The protecting action of gelatin on the 
colour change of Congo-rubin is varying, depending on the concen- 
tration of the electrolyte. A minimum protecting action is 
obtained with moderate concentrations of electrolytes, but the 
action increases rapidly with larger or smaller concentrations. All 
internal changes of condition, such as are brought about by ageing, 
the influence of anions, and the action of tannic acid, have a very 
iiiarked action on the protecting actioii of gelatin. This fact is 
evidence in support of the protecting sheath hypothesis of the pro- 
tecting action, according to which the action is not due merely to 
the presence of the protecting colloid, but rather to close relation- 
ship between the protecting and protected colloids. The experi- 
ments all point to the fact that  the change in the colour of Congo- 
rubin from red to blue under the influence of neutral salts, is a 
typical colloid-chemical phenomenon, and is very similar to the 
changes observed with gold sols. J. F. S. 

Colloid Chemical Basis of the Kinetics of Fermentation. 
A. FODOR (KoZZoid Zeitsch. , 1920, 27, 242-249) .-The author has 
derived expressions which represent the kinetics of ferment action. 
Two cases are considered, (i) where the ratio F / S  is small, F is the 
free surface of the ferment, and S the concentration of the sub- 
strate, and (ii) where the ratio F / S  is large. In  the first case the 
velocity of reaction is given by d x / d t = k ( a - z ) l / n ,  where a is the 
initial concentration of the substrate, x the amount changed in time 
t ,  7% the constant of the adsorption isotherm c,/c~/fl=const., and 
I,. a constant. On integration the above equation gives k =  -n/ 
( 1 1  -- l ) t {  v ( ~ - x ) n - ~ - -  va"-i). - - Inserting the value n = J ,  the equa- 
tion becomes k = 1 / t (  .t/a--- J (a-  z)), and this equation has been 
found to represent the hydrolysis of glycyl-Z-leucine by yeast 
extract in the presence of a hydrogen-ion concentration varying 
between P H = 6 . 2 7  and 8.81. In the second case, d x / d t =  
Iz(A - x ) l l n ,  where A is the concentration of the ferment and 
1 / n = 1  or (1. This, on integration, yields the formula 
t = 1 / (1 - n)k{ A (1-n) - [ A  - x](l-n)}. J. F. S. 

id Gilding " of Amicrons of some Colloids. GOSTA 
BORJESON (KolZoid Zeitsch., 1920, 27, 18-27).-The author has 
inade use of the fact that  solutions of gold amicrons can be used 
as crystallisation nuclei of other sols in the determination of the 
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degree of dispersity of sols with particles so small that  they lnay 
not be counted in  the ultramicroscope (Zsigmondy, A.,  1906, 
ii, 679). The method consists in the preparation of a very highly 
disperse sol of the metal under investigation ; a measured volume 
of this is added to a solution of gold chloride and hydrogen per- 
oxide. The gold sol is formed on the amicrons of the highly 
disperse sol used, and from the rate of sedimentation the diameter 
of the gilded amicrons is deduced, and hence the number and radius 
of amicrons originally present. The formula r k  = r ” J G  is used 
in the calculation, in which rk is the radius of the amicron, r that 
of the sedimenting hydrosol, Ic the weight of the amicron, and p 
the total weight of the particles of the hydrosol. I n  this way the 
radius of the amicrons of alco-sols prepared by the Bredig method 
has been determined for the following metals: gold, r=4*9 p p ;  
cadmium, r = 9.9 pp ; zinc, r = 9.8 pp ; silver, 7.1-18.0 pp, this value 
increasing with time; copper, r=5-0-7.8pp. I n  the case of tin 
and bismuth, the particles can be seen in the ultraniicroscope and 
their radii directly determined, the values obtained by the present 
method and the direct method are in fair agreement. Measure- 
ments have also been made witlh the sols of arsenic sulphide and 
antimony sulphide. J. F. S. 

Colour Behaviour of Congo-rubin. It. HALLER (Kolloid 
Zeitsch., 1920, 27, 188-195) .-The colour changes of Congo-rubin 
have been studied. It is shown that Congo-rubin solutions change 
in colour from red to blue, by the addition of acid, sodium carbon- 
ate, barium hydroxide, and neutral salts, and the red colour may 
be recovered by the addition of alcohol. Further, a 1% solution of 
a bluish-violet colour on heating becomes red. I f  to 1 C.C. of the, 
cold solution and to 1 C.C. of a warm solution 10 C.C. of water and 
1 C.C. of magnesium sulphate solution (12.03 grams per litre) are 
added, the cold solution is immediately turned blue, whilst the 
warmed solution only becomes blue after some time. Loose strands 
of cotton, when coloured with a 1% solution of Congo-rubin by 
placing in the cold solution, slowly raising to the boiling point and 
then allowing to cool, take on a ruby-red colour of medium 
intensity. I f  the process is carried out in the presence of sodium 
chloride, the colour of the solution becomes blue, but on heating 
changes to red, and again the cotton is dyed red. On washing the 
cotton with distilled water it slowly changes to blue. I f  similar 
experiments are carried out with filter paper or cotton fabric, the 
colour is red, but except a t  the edges it does not change to blue on 
washing. This behaviour is explained by the presence of two 
phases of different dispersity in the solution; the one of greater 
dispersity is red and the other of smaller dispersity blue, and 
these are differently adsorbed by the cotton fibres. This is well 
seen with vicose silk, the red colour being visible through the blue. 
This view is confirmed by treating a 1% Congo-rubin solution with 
a large excess of sodium chloride and filtering; a red filtrate is 
obtained with a violet precipitate. The precipitate can be got into 
colloidal solixtion again in water, and is again treated with sodium 
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chloride and filtered, when agaiii a red filtrate is obtained and a 
blue residue. On repeating this process five times a blue residue 
is finally obtained, which on washing gives a colourless filtrate. 
Consequently, the colloid has been separated into two parts of 
different dispersity. A number of experiineiits are made with 
Congo-rubin-G, which is found in many respects to be 
markedly different froni Congo-rubin, although isomeric with it. 
The whole of the experiments point to the fact that  the colour 
changes are colloid-chemical in character, and are due to the forma- 
tion of a second phase of different dispersity from the original 
phase by the addition of electrolytes. J. F. S. 

Apparatus for Ultra-filtration according to Gans. 
LEONOR SARLO VILLEGAS (Contr. Estad. Ciencins [La Plata], Ser. 
ttLat. f is.,  1919, 2, 415-418; from Chem. Zentr., 1920, 
iv, 61 3-614) .-A simple, transportable apparatus for ultra-filtra- 
tion is described , which is particularly suitable for colloidal solu- 
tions of metals. Solutions of silver, hznioglobin, albumin, and 
milk, amongst others, have been investigated, and crystalloids 
which, for example, have been mixed with arsenic, have been sepa- 
rated quantitatively. The apparatus consists of a glass cylinder 
(9 cm. high and 7 cm. in diameter), provided with bronze disks as 
bases, which hermetically seal the cylinder by interspersed rubber 
rings. The upper disk has two openings, one for the manometer 
and the other for the pressure pump. At the bottom, between 
rubber ring and bronze disk, a thin, metallic plate is clamped 
which serves as support for the ultra-filter. Platinum is a suitable 
material for the plate, but nickel or aluminium can be used; it is 
provided with a number of holes, 1 mm. in diameter, to permit 
the passage of the filtrate. The following method is used in pre- 
paring the filter. Gun cotton (12.5 grams) is thoroughly mois- 
tened with alcohol, and as much ether is added as is required to 
bring the volume of the mixture to 500 C.C. A portion of this 
solution is brought on to a glass plate and dipped in water, when 
the mixture has set; a gentle movement of the plate causes the thin 
film to become detached. Filters OF this type are permeable to  
colloids. I n  general, permeability depends greatly on the acidity, 
and is markedly increased by the presence of small amounts of 
acetic acid (about 0.5%). Collodion filters have also been investi- 
gated; variations of the solution have been examined, and very 
satisfactory results are recorded with mixtures of equal parts of 
alcohol and ether. The permeability of the collodion filters for 
colloids does not depend solely on the amount of acetic acid added, 
but also on the time which has elapsed since the addition was made. 
A collodion filter to which as much as 6% of acetic acid has been 
added gives a completely permeable filter if it is used immediately 
after being prepared. H. W. 

Double Ternary Systems with Miscibility Gaps in the 
Liquid and Solid States. C. MAZZETTI (Att i  R. 
Accacl. Lincei, 1920, [v], 29, ii, 150-153, 194-198).-I. The 

I. and 11. 
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author considers first the case of the double ternary systeiii, in 
which only one binary system, corresponding with one side of the 
square, exhibits liquid and solid miscibility gaps with eutectics, the 
other three pairs forming continuous series of mixed crystals, and 
the surface 51 being below $*. Diagrams of the system are shown. 
When two of the binary systems present solid and liquid misci- 
bility gaps and eutectics, various cases occur: either these binary 
systems give rise to two pairs of gaps which have no mutual effect, 
in which event the condition of affairs is similar to that in which 
only one of the binary systems shows gaps; or the solid gaps alone, 
or else both solid and liquid gaps, fuse to  a single gap. 

11. Attention is given to a double ternary system in which three 
of the binary systems exhibit solid and liquid miscibility gaps and 
eutectics; in this case there appear in the system two compound 
gaps represented by two singular triangles, one of three liquids and 
one of three solids. The case of four miscibility gaps in the system 
is also considered. 

Equilibria of Reciprocal Salt Pairs, Sodium Chloride, 
Magnesium Sulphate and Sodium Sulphate, Magnesium 
Chloride at 25O. S H I R ~  TAKEGAMI ( J .  Tokyo Chem. SOC., 1920, 
41, 831-868. Compare Blasdale, A., 1920, ii, 237) .-Solubilities 
of the four salts and the equilibrium of two salts having a common 
ion were investigated; that  of magnesium chloride and sulphate was 
especially studied, ascertaining the formation of four hydrates of 
magnesium sulphate, proposed by van't Hoff. I n  the equilibria 
of reciprocal salt pairs, nine solid phases exist: Na2S04; 
Na,SO,,lOH,O ; NaCl ; astracanite ; MgSO4,7H,O ; MgS0,,6H20 ; 
MgS0,,5H20 ; MgS04,4H,0 ; and MgC1,,6H2O. Compositions of 
the solution saturated with one, two, or three salts were as follows, 
where n, 6 ,  and m are expressed by the formula : 

100mH20,aNa2(100 - n)Mg, hC12(100 - b)SO,. 

T. H. P. 

Solid phase. 
NaCl. ....... .#.. ....................................... 
MgS04,7H20 ................................... 
Na,S04,10H,0 .................................... 
Mg Cl a, 6H 2O ...................................... 
NaCl; Na,SO, .................................. 
Na,SO,; N+S04,10H,0 ..................... 
NaCl ; MgC1,,6H,O ........................... 
MgS04,7H,0 ; astracani te .................... 
Astracanite ; Na.J304,10H20 ............... 

MgS0,,6H20 ; MgS04,5H20 ................. 
MgS0,,4H20 ; MgC12,6H,0 .................. 
Na2S0,,10H,0 ; Na,SO, ; astracanite ... 
Ne,S04 ; NaCl ; astracanite 
NaCl ; astracanite ; MgS0,,7H20 ......... 
NaCl ; MgS04,7H,0 ; MgSO4,6H,0 
NaCl ; MgS04,6H,0 ; MgS04,5H20 
NaCl ; MgSO,,SH,O ; MgSO4,4H,O 
NaCl; MgS04,4H,0 ; MgC12,6H20 ......... 

MgS04,7H,0 ; MgS04,6H,0 ............... 
MgS04,5H,0; MgS04,4H,0 .................. 

.............. 
...... 
..... 
...... 

a. 
100 

0 
100 

0 
100 
100 

1.08 
32.72 
50.14 
0 
0 
0 
0 

57-95 
73-38 
37.97 

3-77 
0.68 
0.25 
0.24 

b. 
100 

0 
0 

100 
80.40 
51.31 

100 
0 
0 

86.81 
91-10 
93.60 
93-58 
13-88 
70.66 
49.71 
87.04 
91-12 
93.7 
93.77 

m. 
18.02 
18.31 
28.51 
9.4 1 

15-96 
18-03 
9.32 

13-69 
13.97 
12.08 
10.15 
9-56 
9.1 1 

13.66 
15.06 
13.96 
11-92 
10.03 
9.5 
9.27 

K. K. 
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The Determination of the Number of Independent Con- 
stituents. Dubreuil’s Rule; the Action of Water on a 
Mixture of Salts. C. RAVEAU (Compt. rend., 1920, 171, 
913-916).-Dubreuil’s rule (A., 1920, ii, 742) is discussed, and 
Rengade’s work (A., 1917, ii, 451) on the purification of salts by 
fractional crystallisation is discussed in the light of this rule. 

W. G .  

The Separation of Two Salts having a Common Ion. 
A.  TH. SCHLESING (Compt. rend., 1920, 1711, 977-981) .-Curves 
are plotted showing the weight of each salt in  1 kilo. of solution 
saturated with respect to the two salts a t  different temperatures. 
The solution containing the two salts, which it is required to sepa- 
rate, is analysed, and from these results and the curves previously 
plotted it is possible to determine the temperature a t  which the 
solution shoufd be evaporated, so that  only-one salt will separate 
out. W. G. 

Periodic Precipitation and Coagulation by Electrolytes. 
FRANZ SEKERA (~oZZoid Zeztsch., 1920, 27, 28-30) .-A theoretical 
paper, in which the author considers the causes of periodic pre- 
cipitation and coagulation of colloidal solutions in layers by means 
of electrolytes. J. F. S. 

The Phase Rule. HENRY LE CHATELIER (Compt. Tend., 1920, 
171, 1033--1038).-A critical survey of Gibbs’ phase rule and of 
the criticisms of it which have appeared in recent years. The 
criticisms urged against it are briefly replied to. 

Radiation as a Factor in Chemical Action. IRVING 
LANGMUIR ( J .  Amer. Chem. SOC., 1920, 42, 2190-2205).-In order 
to explain the close similarity between the Arrhenius equation for 
the velocity of chemical reactions and the Wien radiation law 
(namely, that  the logarithms of the reaction velocity and of the 
intensity of monochromatic radiation are both linear functions of 
the reciprocals of the absolute temperature), and4 also to explain the 
fact that  the velocity of a unimolecular reaction is independent of 
the collision frequency of the molecules, it has been assumed that 
molecules can take part in chemical reactions only after they have 
become activated, and that the activation is brought about by the 
absorption of nearly monochromatic radiation. There seems t o  be 
ample evidence in support of the activation of molecules, but the 
radiation hypothesis does not seem to rest on such a firm founda- 
tion. 

There are two decisive tests of the validity of the radiation hypo- 
thesis: (1) the reacting substance must absorb radiation of the 
frequency required to produce activation, and there must there- 
fore be an absorption band which includes this frequency; (2) the 
total amount of radiant energy absorbed must be sufficient to supply 
the heat of activation of the molecules, which is calculated from 
the temperature-coefficient of the reaction velocity. 

W. G .  
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Examination of the available data indicates thai; there is little 
evidence _that absorption bands occur which include the frequency 
corresponding with the activation. I n  the dissociation of phosphine, 
nitrous oxide, nitric oxide, carbonyl chloride, phosphorus and 
arsenic, the activation frequencies lie within the range of the 
visible spectrum, although the gases are all colourless. 

The data for  phosphine show that the energy required for acti- 
vation of 1 C.C. a t  948O abs. is 4 x 1O1O times greater than the amount 
which could be supplied by radiation from I sq. cin. of surface a t  
this temperature. Also, when the intensity of the radiation is 
increased enormously (as by using daylight), the reaction velocity 
does not show a corresponding increase. 

Experiments with nitrogen peroxide, hydrogen, and iodine vapour 
show that the heat conductivity of dissociating gases is many times 
greater than that of similar gases which do  not dissociate. The 
increase in heat loss from siiiall wires, due to the dissociation of 
the surrounding gas, is often more than ten times the total energy 
radiated from the wire. On the basis of the radiation hypothesis, 
however, the dissociation entails an absorption of radiation, and 
could produce only a decrease in heat loss from the wire. These 
experiments furnish conclusive evidence against the radiation 
hypothesis. 

'The similarity between the Arrhenius and Wien equations results 
from the fact that  both reaction velocity and radiation are funda- 
mentally dependent on phenomena involving probability. Both 
equations can be deduced from the same statistical law: 
E ' = c e - R l k T ,  where P is the probability that, in any large number 
of molecules in thermal equilibrium at  the temperature %, a given 
molecule shall have an energy lying between E and E + d E .  It is 
shown that, unless the law of conservation of energy has also only 
a statistical significance, the activation energy must be derived from 
internal energy of the molecules, which exists a t  the zero of absolute 
temperature. The very fundamental difficulties involved in this 
conclusion are of the same nature as those encountered in the theory 
of the photoelectric effect, thermionic emission, and other pheno- 
mena involving quantum relations. J. R.  P. 

The Laws Governing the Propagation of Combustions. 
L. CRUSSARD (Technique moderne, 1920, 12, 243-250, 2 9 ~ 3 0 1 ) .  
-This is a mathematical discussion of gaseous combustions, from the 
standpoint of Hugoniot's law, covering detonations and deflagra- 
tions ; stability of propagations including propagation of simple 
mechanical perhrbations, velocities of combustions, and of sound, 
r61e of calorific exchanges, flame and preflame, intrinsic stability, 
examination of the different systems of combustion from the point 
of view of intrinsic stability, extrinsic stability and instability, 
encounter of the flame and mechanical shock, detonations from the 
point of view of extrinsic stability, compressions and deflagrations ; 
the explosion wave ; propagations in their relations to the liveliness 
of corn bustions, examinat'ion of t'he essential data including reaction 
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vclocily, t eiripcrature of inflamiiiatioii and diagrams of combust ion ; 
I lie law goveriiing cleflagration including the study of the preflame 
and the flame; the law of combustion, the order of the velocity of 
propagation in the usual mixtures, velocity of propagation in the 
most rapid mixtures, r61e of the temperature of origin, limits of 
aptitude for the propagation of deflagration and tests of the 
general formula for the velocity of propagation; and finally a 
discussion of the constitution of flame. CHEMICAL ABSTRACTS. 

Behaviour of Explosive Mixtures of Gases at Low 
Pressures. A. STAVENIEAGEN and E. SCHUCHARD (Zeitsch. angezc. 
Cheni., 1920, 33, 286-287) .-Mixtures of methane and air were 
sparked in a U-tube of 250 C.C. capacity, with limbs about 2.5 ni. 
long and 12 mm. in diameter. The level of mercury in the appara- 
tus afforded a measure of the pressure t o  which the gas was sub- 
jected. The results showed that explosive mixtures of gases have 
a critical pressure below which they no longer ignite. The intensity 
of an explosion decreases with the fall in the pressure. By carrying 
out the experiment in the dark it is possible to determine from the 
character of the flash whether the explosion is complete, or whether 
there has only been partial combination. For example, 5 C.C. of 
the gas under a pressure of 40 mm. of mercury showed a flash of 
about 30 mm. in length, and 6% of the gas combined, whilst 9.5 C.C. 
of the gas under a pressure of 61 mm. of mercury showed a flash 
150 mm. long and 30% of the gas combined. A slow, flameless com- 
bination takes place a t  pressures below the critical point, the 
amount of such combination increasing with the nearness of the 
pressure to that point. The critical pressure depends on the nature 
and proportions of the gaseous constituents, the moisture, and the 
initial impulse. The occurrence of an explosion in a closed space 
does not prevent the possibility of a second explosion, without any 
subsequent change having been made in the proportions of the 
mixture. The lower the pressure a t  the first explosion, or the 
greater the reduction in the pressure by that explosion, the greater 
will be the possibility of a second explosion (compare Mason and 
Wheeler, T., 1918, 113, 45). C. A. M. 

Velocity of Decomposition of High Explosives in a 
Vacuum. 11. Trinitrophenylmethylnitroamine (Tetryl) . 
ROBERT CROSBIE FARMER (T., 1920, 117, 1603-1614). 

The Transformation of Ammonia into Carbamide. 
C.. MATIGNON and M. FRBJACQUES (Compt.  rend., 1920, 171, 
1003-1005) .-The authors obtain the expression 

where p is expressed in atmospheres, for the value of the equil- 
ibrium pressure of ammonium carbamate a t  different temperatures 
in an enclosed space, such that the volume occupied by the gaseous 
phase is as small as possible. 

log p =  - 1511/T + 5.6 log T-9.4, 

W. G. 
VOL. cxx. ii.  2 
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The Velocity of the Diazotisation Reaction as a Contri 
bution to the Problem of Substitution in the Benzene 
Nucleus. J. BOESEKEN, W. F. BRANDSMA, and 14. A. J. SCIIOUY-ISSEN 
(Proc. K .  Akad. Wetensch. Amsterdam, 1920, 23, 249-266).- 
The influence of substituents in the nucleus on the rate of diazo- 
tisation of aromatic amines was studied in connexion with the 
general problem of substitution in the benzen? ring. The diazo- 
tisations were carried out a t  Oo in solutions containing two milli- 
mols. of amine per litre. A t  convenient intervals, samples of the 
solution were removed and coupled in alkaline solution with 
Schaffer's salt a t  Oo, and the extent to which diazotisation had pro- 
ceeded was estimated by a colorimetric comparison of the samples, 
assuming that diazotisation was complete in six hours. In each 
case the reaction was bimolecular, and the velocity constants found 
were as follows : aniline, lOOK = 0.0965 ; o-toluidine, 0.0928 ; 
m-toluidine, 0.137 ; p-toluidine, 0.0687 ; m-xylidine, 0.0886 ; 
o-chloroaniline, 0.483 ; o-bromoaniline, 0.450 ; o-iodoaniline, 0.453 ; 
m-chloroaniline, 0.136 ; m-bromoaniline, 0.142 ; m-iodoaniline, 
0.1515 ; p-chloroaniline, 0.153 ; p-bromoaniline, 0.129 ; p-iodo- 
aniline, 0.1505 ; aniline-o-sulphonic acid, 0.966 ; aniline-m-sulphonic 
acid, 0.107 ; aniline-p-sulphonic acid, 0.247 ; anthranilic acid, 1.761 ; 
7n-aminobenzoic acid, 0.145 ; p-aminobenzoic acid, 0.521 ; and 
7th-nitroaniline, 1-13. Except in the toluidines and xylidine, the 
velocity of the reaction is considerably increased by introducing 
substituents into aniline. The effect is greatest when the sub- 
stituent is in the ortho-position to the amino-group, and weakest 
in the meta-position. The velocity increases with the negative 
character of the substituent. E. H. R. 

Alkaline Hydrolysis of Esters of Symmetrical Homo- 
logues of Oxalic Acid. ANTON SKRABAL and ERNA SINQER 
(Monatsh., 1920, 41, 339-400) .-The authors have investigated 
the hydrolysis of esters of symmetrical homologues of oxalic acid 
in aqueous and aqueous-alcoholic solution by means of sodium 
carbonate and hydroxide, and have measured the velocities of the 
two stages of the reactions. 

I n  concentrated solution, the esters of the normal acids from 
oxalic to sebacic acid exhibit normal behaviour, the reaction being 
a simple stage reaction of the second order. The ratio between 
the reaction constants of the two consecutive reactions has its 
maximum value for oxalic acid, afterwards falls rapidly, and then 
slowly approaches the limiting value, 2, for the higher homologues. 
Further, this ratio is not independent of the concentration, but for 
one and the same dicarboxylic acid diminishes apparently to the 
same limit, 2, as the concentration is increased, This limit is far 
from attained with the lower homologues, but is practically reached 
with such esters as those of azelaic and sebacic acids. These results 
are similar to those obtained by Chandler (A., 1908, ii, 467), who 
found that the ratio between the two electrolytic dissociation 
const ants of the free dicarboxylic acids approaches the limiting 
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value, 4, as the inolecular weight of the acids and the concentra- 
tion increase. The two ratios are, indeed, symbatic, and reach 
their limiting values simultaneously, and the two limiting values 
correspond with the independent, uninfluenced reaction of the two 
identical reactive groups. 

The ratio 2 as the limit for the kinetic constants, and the 
approximation to this limit as the concentration and velocity 
increase, are easily interpreted according to the “ regulation ” 
law (A., 1912, ii, 33; 1916, ii, 606), which states: If alteration of 
a parameter of the velocity of reaction (such as the nature or con- 
centration of the reacting substances, the medium, the nature and 
concentration of the catalyst, the temperature, or the illumination) 
produces increase of this velocity, influences come into play in the 
form of alteration of the constants, or of the form of the timelaw, 
which are antagonistic to such increase; thus the actual regulated 
velocity lags behind that which would be expected in absence of 
regulation. The ratio between the constants is the ratio of two 
comparable velocities. If the latter are subject to regulation, as 
the velocity increases, the more rapid reaction is relatively more 
highly retarded than the slower one, the ratio approaching the 
value 2 ;  when the latter is reached, the two groups react equally 
quickly, and beyond that stage both velocities are retarded to the 
same extent, and the ratio hence undergoes no further change. 

From alterability of the constant-ratio follows, necessarily, that  
of the velocity-coefficients. On hydrolysis of ethyl malonate and 
succinate in dilute solution, a decline of the constants of the second 
order is, indeed, observed. 

Whilst increase of the coefficients is observed, or, more accurately, 
suggested, in the case of the normal acids only in dilute solution, 
the diminution in the coefficients with esters of the alkylmalonic 
acids is so considerable that the reaction cannot be calculated as 
of the second order. This diminution is greater in dilute than in 
concentrated solution, and greater with the dialkylmalonic esters, 
which are hydrolysed slowly, than with those of the monoalkyl- 
malonic acids, which are hydrolysed more rapidly, and still greater 
than with the malonic esters, which undergo hydrolysis with great 
rapidity. T. H. P. 

Influence of Lead on the Catalytic Activity of Platinum. 
EDWARD BRADFORD MAXTED (T. , 1920, 117, 1501-1506). 

Catalytic Studies. VII. Catalysis of Hydrogen Peroxide 
by Iodine Ions. E. ABEL (Monatsh., 1920, 41, 405-42l).- 
The author has already shown (A., 1908, ii, 939) that the catalysis 
of hydrogen peroxide by hydrogen ions, often cited as a typical 
catalysis (Bredig and Walton, A., 1903, ii, 282), may be repre- 
sented as a special case of a much more general catalysis of the 
peroxide which results from the co-operation, or, more accurately, 
the antagonism, of the two reactions: (1) H,O,+I, + 
2H’+21’+02, and (2) H202+2H’+21’ + I2+2H,O. The 
kineiics of the second of these reactions has been long worked out 

2-2 
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(Noyes atid Scott, A. ,  1896, ii, 158; Brode, A., 1901, ii, 443; 1904, 
ii, 718), and the author has recently ( Z c i t s c h .  Z J h y S i k U l .  C, ’I ic tu . ,  

1920, 95, 51-3) investigated the kinetics of reaction (1). 
The conditions €or the initiation of the catalysis of hydrogen 

peroxide by iodine ions are now formulated, and the result arrived 
a t  tested by means of the experimental material formerly obtained 
(Zoc. cit.). For a given case of this catalysis, the position of the 
spontaneous catalytic equilibrium and the time relations leading 
to its attainment are calculated and discussed. T. H. P. 

The Temperature-coefficient of the Decomposition of 
Hydrogen Peroxide by Fat Catalase. E. NORDEFELDT (Bio- 
chem. Zeitsch., 1920, 109, 236--240).-The constant A of 
Arrhenius’s formula has been determined for the decomposition of 
hydrogen peroxide by fat  catalase a t  various temperatures. The 
figures obtained did not differ much froni those obtained by Senter 
for blood catalase. s. s. z. 

Catalysis. VIII. NIL RATAN I>HAR [with A. K. DATTA and 
D. N. BHATTACHARYA] (iuroc. h-. Akud. Wetensch. L4rnste?dam, 
1920, 23, 299-307).-The paper deals with the effect of catalysts 
on the reaction bet’ween ferrous ammonium sulphate and silver 
nitrate and on the atmospheric oxidation of sodium sulphite solu- 
tions, and with the hydrolysis of methyl acetate by oxalic and picric 
acids in presence of potassium oxalate and sodiuni picrate, 
respectively. The reaction between ferrous ammonium sulphate 
and silver nitrale is bimolecular and very rapid at  Oo, with a sinall 
temperature-coefficient. After a time, an equilibrium is set up, 
due to the reducing action of silver on ferric nitrate: 

Ag+Fe(NO,), K AgNO,TPe(NO,),. 
The reaction is accelerated by acids, including nitric, sulphuric, 
citric, tartaric, acetic, and carbonic, but not by boric acid or phenol. 
Manganese salts and potassium nitrate have a retarding effect. 

A large number of organic substances act as negative catalysts 
with respect to the atmospheric oxidation of sodium sulphite. 
Organic acids have practically the same effect as their sodium salts, 
and benzoic, oxalic, and salicylic acids have a greater negative 
effect than the weaker organic acids. Quinol was the most powerful 
negative catalyst discovered. The temperature-coefficient of the 
reaction, which is 2 between 2 5 O  and 40°, was not affected by the 
negative catalysts. Organic substances probably act as negative 
catalysts by diminishing the concentration of the sulphite ions, 
with which they combine to form stable complexes. 

Potassium oxalate in increasing concentration steadily diminishes 
the velocity-coefficient of hydrolysis of methyl acetate by oxalic 
acid, whilst in the case of picric acid the velocity constant first 
increases $0 a maximum value and then falls OR with increasing 
concentration of sodium picrate. These results may be explained 
by considering, besides the diniinution of hydrogen-ion concentra- 
tion due to the increased concentration of the negative ion common 
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to the acid and salt, the increased dielectric constant and ionisilig 
power of the solvent caused by the dissolved salt. 

Catalysis. IX. Thermal and Photochemical Reactions. 
NIL RATAN DHAR (Proc.  IT. ,-I kacl: TT‘etensclz. ,4msterc?am, 1920, 
23, 308--312).-1t is shown that many reactions having large 
temperature-coefficients are sensitive to light, and hence it is con- 
sidered that sensitiveness to temperature and to light influences 
have a cop7mon cause. The reaction between iodine and potassium 
oxalate is accelerated by light, the most active portion of the 
spectrum being the indigo near the violet end. Mercuric chloride 
and potassium oxalate in sunlight undergo the reaction : 

2HgC1, + K2C20, = 2KC1+ 2C0, + 2HgCl. 
This reaction is also induced by the light from a carbon arc, a 
quartz mercury vapour lamp, or an arc between electrodes of thoria 
and zirconia. Ammonium cupric oxalate is decomposed by tropical 
sunlight, but not by the above artificial sources of light. 
Uranium salts are general positive catalysts in photochemical reac- 
tions, whilst manganese salts are general negative catalysts in both 
light and dark reactions. The author’s conclusions on the relation 
between thermal and light effects are supported by Perrin’s hypo- 
t,hesis that  all chemical reactions are induced by radiations (A. ,  
1919, ii, 177). 

Catalysis. X. Explanation of some Abnormally Large 
and Small Temperature-coefficients. NIL RATAN DEAR 
(Proc. K .  A l,.nd. TI-etenscli.  Amsterdam,, 1920, 23, 313-318).- 
The reaction between iodic acid and potassium iodide in dilute 
solution is very rapid a t  Oo, and the temperature-coefficient cannot 
be determined, but is practically equa,l to unity. I n  presence of 
sodium and magnesium sulphates, slightly less iodine is liberated 
at, higher than a t  lower temperatures, amd the temperature- 
coefficient appears to  Fe negative. This is due to hydrolysis of the 
snlphate a t  higher temperatures, with formation of OH’ ions, 
which react with the iodine liberated. I n  presence of ammonium 
and zinc sulphates, the reaction apparently has a positive tempera- 
t ure-coefficient, the explanation being that a t  higher temperatures 
these salts produce R’ ions, which are active in liberating iodine. 
The abnormally large temperature-coefficient of the reaction 
31, + 60H’= 51’ + 10,; + 3H20 in presence of sodium carbonate and 
hydrogen carbonate is due 10 hydrolysis of the carbonates. A 
number of other temperature-coefficients are similarly explained. 

E. H. R .  

E. H. R. 

E. R. R.  

A New World of Chemical Compounds. P. P. VON 
VEIMARN (Ann. ecole mines  de I’Oural, 1919, 1, 1-7).-The asser- 
tion that atomic and molecular forces are vectorial is identical with 
the principle that, chemical forces have a vectorial character. 
Hence a change from gas-fluid to solid-crystal is a chemical process. 
Chemically homogeneous crystals are the simplest representatives 
of homochemical compoiinds, t,hat is, compoiinds in which affinity 
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reveals itself between similar atoms, and all liquids and gases must 
be considered as disperse systems of this vectorial polymer-crystal. 
If such crystals are chemical compounds, it follows, of necessity, 
that the valency of atoms of all elements cannot be less than 6 in 
order to give a three-dimensional form. Differences in combining 
power with hydrogen or oxygen atoms lie largely in the size of the 
surface of atoms and in the ease with which hydrogen atoms in 
their mobility may form doublets, thus hindering the concentration 
of hydrogen atoms round the atom of the element. Molecules of 
hydrogen, fluorine, nitrogen, etc., are examples of the most stable 
homochemical compounds, and show by the tendency to remain as 
doubled atoms the magnitude of the intensity of homochemical 
forces. I n  chemical compounds the atoms have not lost, but only 
more or less changed, the properties they have in the free state. 
A study of colloidal synthesis has given rise to the principle that 
any matter gives in corresponding conditions homochemical com- 
pounds with any other matter, in case of there being comi~~oii 
atoms or atomic groups. Dispersoidal parasitism with homo- 
chemical compounds thus has rendered possible the preparation of 
colloidal solutions of great stability and high concentration. 

CHEMICAL ABSTRACTS. 
Arrangement of Atoms in some Common Metals. 

A.  W. HULL (Science, 1920, 52, 227-229) .-A preliminary note 
on the results of X-ray analysis of various metals. Calcium has a 
f ace-centred cubic arrangement, each atom being surrounded by 
12 equi-distant atoms. Titanium is centred cubic, each atom 
being surrounded by 8 others. Zinc is hexagonal close-packed 
and elongated 14% in the direction of the hexagonal 
axis. Cadmium is like zinc, with an elongation of 16%. 
Atoms of indium are arranged in a face-centred tetra- 
goiial lattice resembling a cubic close packing, except that 
i t  is elongated 6% in the direction of oue of the cubic axes. 
Ruthenium has an arrangement similar to zinc and cadmium, but 
there is a contraction of 3% in the direction of the hexagonal axis. 
Palladium, iridium, and platinum are like calcium ; tantalum is 
like tungst,en, iron, chromium , and titanium. 

CHEMICAL ABSTRACTS. 
A Convenient Form of the Periodic Classification of the 

Elements. C. R. NODDER (Chem. News, 1920, 121, 269)-A 
modification of Harkin’s spiral as a representation in one plane. 
Two d a n e  sDirals are used, for the odd and even series, respec- 
tively: correiponding radii being parallel and numbered similady 

J. R. P. 

Nature of Valency. ALFRED BENRATH (Zeitsch. angew. Chem., 
1920, 33, 289-290) .-The following conception of valency is 
suggested to reconcile the theory of Berzelius with observed facts. 
The reactions attributable to the main valencies of an element are 
cbaracterised by the combination of atoms with other atoms of 
opposite polarity, and their replacement by ohher atoms with aimilar 
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action, whereas by-valencies are characterised, in the main, by the 
combination of compounds, and rarely by the combination of atoms 
of similar polarity. Hence by the valency of an element should 
be understood only the number of main valencies not altered by 
the action of by-valencies. The main valencies must be either 
positive or negative, and if  an element appears to exert valencies 
of opposite polarity, the explanation is t o  be found in the presence 
of by-valencies. The valency towards hydrogen, or (+ ) vale~cy,  
is distinguished from the valency towards oxidising agents, or 
( - )  valency, and these cannot be simultaneously active in the same 
element, since hydrogen combines with oxidising elements to form 
inactive compounds, such as water or hydrogen chloride, which can 
only enter into combination with by-valencies. The valency of an 
element in a compound can only be changed by oxidation or reduc- 
tion, and not by reactions involving the by-valencies. 

Angle of Slope. A New Physical Constant. A. LANGHANS 
(KoZZoicl Zeitsch. ,  1920, 27, 101--123).-The angle of slope is that  
angle a t  which a particle of material can just maintain its posi- 
tion. The author describes six methods by which this angle may 
be measured. One of these consists in filling a metal cylinder, 
which is cut into two pieces, with the powdered substance, then, 011 
removing the metal cylinder, the powder will fall and produce a 
cone, which may be measured. The angle which the side of the 
cone makes with the horizontal is the angle of slope. This angle 
has been determined for ninety substances; the results are given 
in tables, together with the specific gravity and the size of the 
particles. The angle is shown to decrease with increasing specific 
gravity, and it also depends on the viscosity of the powder and the 
size of the particles. 

The Accuracy obtainable with Varnished Weights. E. r3. 
VOGELENZANG (Ckem. Weelcblad ,  1920, 17, 453).-Aluminium 
weights varnished over to varying thicknesses have been exposed to 
atmospheres saturated to various known degrees of moisture, and 
the alteration in weight examined. It is found that no perceptible 
change occurs, and such weights are thought to be suitable for use 
even with the microbalance, since the humidity of the air in the 

The Metallic Elements of the Ancient Chinese. G. WANG 
(Sc ience  [China], 1920, 5 ,  555-564) .-The Chinese early discovered 
a number of chemical facts and a knowledge of the chemical 
character of some natural phenomena. The discoveries were never 
scientifically developed, and the surviving accounts are mystical 
and obscure. The author gives an account of the metallurgy of 
early China. CHEMICAL ABSTRACTS. 

The Metallic Compounds of the Ancient Chinese. 
G .  WANG (Science [China], 1920, 5,  672-684).-The author 
divides the history of chemistry in China into: (1) the alchemical 
period; (2) the period of iatro-chemistry; (3) the modern period. 
China has just emerged from the second period, A large number 

C. A. M. 

J. F. S. 

case can be kept almost constant. s. I. L. 
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of the common inorganic compounds were known and employed as 
medicines. Investigation has been made of the reactions involved 
in the old methods of preparing these compounds. 

CHEMICAL ABSTRACTS. 
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